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Background: Delay in surgical intervention may lead to significant personal, medical 
and economical consequences. For individuals undergoing treatment in the public health 
system, there is inevitably a delay in access to surgery. Access to elective joint 
replacement surgery can take anywhere from three months, to more than a year. Acute 
orthopaedic procedures may also be delayed due to clinical and logistical reasons. Thus 
the aim of this study was to compare outcomes of patients undergoing total hip and 
knee replacement surgery in the public and private health sectors. In addition to this, the 
contributing factors to acute surgical delay, and the cost of any surgical delay in 
Dunedin Hospital has also been investigated along with patients’ perspective of the time 
spent waiting for surgery. 
Methods: For the elective arm of the study, 232 public and 231 private patients were 
retrospectively recruited using New Zealand Joint Registry data. This included 253 that 
had total hip joint arthroplasty and 210 that had total knee joint arthroplasty. Six-month 
Oxford Hip and Knee Scores were the primary measure used to compare outcomes 
between the two groups where the 0-48 scoring system is used. NHI numbers were also 
used to gain access to other surgical data. For the acute arm of the study, 472 patients 
who underwent a total of 507 acute orthopaedic procedures were recruited 
retrospectively. Patients were recruited using the Dunedin Hospital surgical theatre 
management database and NHI numbers were used to access additional clinical 
information. In addition to this 47 patients were recruited prospectively to undergo a 
questionnaire of their perspective of waiting for surgery in Dunedin Hospital. 
Results: The elective arm of this study showed that private patients achieve better six-
month postoperative outcomes than public patients. For those undergoing THJR, private 
patients had a mean score of 41.74 (SD=5.7) whereas the mean for public patients was 
37.94 (SD=9.1). For TKJR patients, private patients had a mean six-month 
postoperative score of 40.82 (SD=6.0) and public patients mean was 36.55 (SD=8.1). 
These differences in score persisted after adjustment for age and gender.  For the acute 
arm of this study, 66.7% of the 507 procedures reviewed were delayed. Of the cases that 
were delayed, 84.3% were delayed due to a logistical reason such as unavailability of 
theatre time. Other factors associated with surgical delay included the priority grade, 
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day of the week surgery was booked, and the anatomical location of the trauma. The 
total cost of delay was found to be approximately $145,800 for all surgeries delayed due 
to a logistical reason.  
Conclusion: The difference seen between public and private groups for hip replacement 
surgery supports the limited amount of prior literature. This study is the first that shows 
a difference in postoperative outcome for knee replacement surgery between public and 
private patients. In addition to this, findings show that there is a large amount of 
surgical delay currently present in Dunedin Hospital that comes at a high cost to the 
healthcare system. Prior literature suggests that a dedicated orthopaedic trauma 
operating theatre will reduce surgical delay. Finally, patient satisfaction with their time 
waited for surgery is associated with the timeliness of their surgery, and the 





DHB District Health Board 
DPH Dunedin Public Hospital 
GP General Practitioner 
HRQOL Health-related quality of life 
INR International normalised ratio 
MCID Minimal clinically important difference 
NHI National Health Index 
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NSAID Non-steroidal anti-inflammatory drug 
NZJR New Zealand Joint Registry 
OECD Organisation for Economic Co-operation 
and Development 
OHS Oxford Hip Score 
OKS Oxford Knee Score 
QALY Quality-adjusted life-year 
SF-36 36-Item Short Form Health Survey 
THJR Total Hip Joint Replacement 
TKJR Total Knee Joint Replacement 
WOMAC Western Ontario and McMaster 
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1 Introduction	
Delay in surgical intervention may lead to significant personal, medical and economic 
consequences. Waiting times for elective surgery is a major health concern in 
approximately half of all OECD countries including New Zealand where mean waiting 
times for many surgeries are above three months and maximum waiting times can 
extend to years (1, 2). For the patients involved, prolonged time waiting for elective 
surgery can lead to deterioration in health status, poor quality of life, and poorer 
postoperative outcomes. A significant amount of research has been performed to assess 
the impact of waiting time on postoperative outcomes for elective total hip and knee 
replacements and the resultant evidence is conflicting. In addition to this, research 
comparing the surgical outcomes of public and private patients is very scarce. Therefore 
the main purpose of this thesis was to compare postoperative outcomes in patients who 
had their surgery in the private system with those in the public system. As far as the 
author is aware, there have been no prior studies comparing surgical outcome for total 
joint replacement patients in New Zealand’s public and private health sectors. In 
addition, this thesis will also investigate the effect waiting time for surgery has on 
postoperative outcome for total hip and knee replacements in order to address the 
conflicting evidence from previous studies. 
 
Similarly to elective surgery, a delay in acute surgical intervention can lead to longer 
stays in hospital, more time off work and school, and poorer postoperative outcomes, all 
of which result in a greater economic burden to the patient and health system. Prior 
research has been undertaken to assess the impact of surgical delay on postoperative 
morbidity and mortality in orthopaedic trauma patients. Other studies have quantified 
the cost of surgical delay for various acute surgical services. However none have been 
performed in a New Zealand public hospital setting. Thus the other purpose of this 
thesis was to address surgical delay in acutely admitted orthopaedic patients at Dunedin 
Public Hospital and determine predictors of delay, and cost involved in delay. In 
addition to this, we have also investigated the patients’ perspective of surgical delay and 
the impact this has on patient satisfaction and expectations. No prior research has been 
performed that has directly evaluated the patients’ perspective of acute surgical delay.  
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Due to the fact that this thesis looks at acute and elective orthopaedic surgery, each 
chapter is effectively divided into two parts in order to address each arm of the study 
separately. The two parts of the study will be referred to as the elective arm and the 
acute arm. 
Chapters two and three provide the background to the study, highlighting the key 
literature review findings relating to the impact of surgical delay. Chapter four 
introduces the hypotheses of this study. Chapter five reports the methods used for each 
arm of the study. 
Chapters six and seven outline the results and chapter eight discusses the findings. 




Total joint arthroplasty or total joint replacement surgery is one of the most common 
orthopaedic procedures currently performed (3). Patients with joint pain due to a 
number of conditions benefit from total joint arthroplasty, which relieves pain, 
improves function and overall quality of life.  
 
This operation involves a procedure where synthetic materials are used to replace 
diseased articular surfaces within a joint. For the majority of patients that undergo this 
operation, it is an elective or planned procedure where the patient is placed on a waiting 
list, and then has the surgery performed at a later date. 
 
2.1 Total	Hip	Arthroplasty	
The hip joint is described as a ball-and-socket-joint where the head of the femur 
articulates within the acetabulum to allow movement through all planes of motion (4). 
Conditions that affect either the femoral head, the acetabulum, or both, can lead to 
degeneration of the joint, leading to pain, reduced range of motion, and loss of function. 
The most common condition that causes hip joint degeneration is osteoarthritis however 
other conditions like inflammatory arthritis, osteonecrosis of the femoral head, and 
developmental dysplasia may also lead to degeneration of the hip joint. Note that the hip 
joint is the second most common large joint affected by osteoarthritis(5). 
 
Total hip arthroplasty can be described as an orthopaedic operation that involves 
surgical removal of the head and proximal neck of the femur along with removal of 
acetabular cartilage and bone (3). This is then replaced by an acetabular and femoral 
prosthesis. The outcome of this operation leads to elimination of pain and some 
restoration of function and mobility. It is important to note however, that the surgery is 
primarily indicated for the elimination of pain. Range of motion and function may also 
improve, however this may not be seen in every patient (3, 6-9). 
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The key indications for this procedure include severe pain and limitations of daily living 
leading to reduced joint function (3, 10). Osteoarthritis is the most common indication 
for total hip arthroplasty, accounting for a large proportion of cases (3) (11). In New 
Zealand, osteoarthritis accounts for 87% of total hip replacement surgeries (12). When 
performed electively, surgery is indicated when the benefits of non-surgical treatments 
like non-steroidal anti-inflammatory drugs (NSAIDs), physiotherapy, and ambulatory 
aids are outweighed by the benefits of total hip arthroplasty or when previous treatment 
options have failed (10). While the majority of patients receive this operation as an 
elective procedure, total hip arthroplasty is also performed acutely, primarily for hip and 
neck of femur (NOF) fractures.  
 
Using current techniques, over 90% of patients remain pain free with no complications 
at ten years after surgery (13) and the revision rate is approximately 1% per year (14). 
The timing of surgical intervention can also play an important role in long-term 
outcome. If surgery is performed earlier in the stage of the disease, the patient may have 
a better functional outcome (6, 7). Fortin et al. showed that higher preoperative function 
was associated with greater postoperative function and that those with poorer function 
preoperatively showed smaller improvements in function (6, 7). Surgery should 
therefore ideally be performed before the development of any significant joint 
deformity, instability, severe functional loss or muscular atrophy (6, 7). Given the 
lifetime of a joint replacement, there is continuing debate about the timing of total joint 
replacement in order to achieve optimal long-term outcomes.  
 
2.2 Total	Knee	Arthroplasty	
The knee joint can be described as a complex hinge joint where articulation between the 
femur, tibial plateau, and patella allows for flexion, extension and small amounts of 
rotation (4). The joint itself can be divided into medial, lateral and patellofemoral 
compartments. Damage to the articular surfaces of one or more of these compartments 
can lead to the need for total knee joint replacement. Damage can be due to a number of 
conditions including osteoarthritis, rheumatoid arthritis, osteonecrosis and post-
traumatic deformities. Reports have shown that over 95% of total knee replacements are 
performed for osteoarthritis (15). In New Zealand, data from the New Zealand Joint 
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Registry (NZJR) shows that 94% of total knee replacements are performed to treat 
severe osteoarthritis of the knee (12). 
 
Total knee arthroplasty surgery involves resection of the diseased articular surfaces 
within the knee joint and replacement with prosthetic components. This leads to pain 
relief along with improved joint function and quality of life (16). Similar to hip 
replacement surgery, the key indication for total knee arthroplasty is pain and loss of 
function after failure of non-surgical treatment. The key outcome goal is pain relief and 
improvements in function.  
 
Timing of surgical intervention is also a key consideration for total knee arthroplasty. A 
study by Rand et al. investigated factors that affected the lifetime of total knee 
prostheses (17). The study found that the ten-year survival of prostheses was lower for 
patients under the age of 55 than those aged over 70 due to the younger patients living 
more active lifestyles. However studies by Fortin et al. showed that surgery performed 




Osteoarthritis is the most common joint disorder and involves the degeneration of 
articular cartilage, especially in load-bearing areas, leading to structural changes of the 
underlying bone and joint structure (11, 18, 19). It is an important cause of physical 
disability in persons older than 65 years of age and is the leading cause for total joint 
arthroplasty (3, 15).  
 
Primary osteoarthritis has an insidious onset that occurs in older age. Secondary 
osteoarthritis affects younger individuals and is often caused by a predisposing factor 
including trauma, developmental deformity and obesity (18). Degeneration of the joint 
leads to localised pain that worsens throughout the day, joint stiffness, and reduction in 
range of movement and physical function, all of which lead to significantly reduced 
quality of life (11, 18, 19). The course of osteoarthritis cannot be halted, however 
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progression can be slowed through lifestyle changes to reduce the strain on the joint (17, 
18). Without treatment, disease progression leads to joint deformity and instability 
along with associated muscular atrophy over time (18).  
 
While the disease progression cannot be prevented, multiple methods of management 
may be used to treat symptoms and slow progression. Lifestyle changes targeted to 
reduce obesity and increase local muscle strength will reduce strain on the joint and the 
use of ambulatory aids can also add to this (11, 19). NSAIDs are also commonly used to 
manage the pain associated with osteoarthritis. For more severe pain, intra-articular 
steroid injection may be indicated (11, 19). Total joint replacement is the final treatment 
option for severe osteoarthritis.  
 
The epidemiology of osteoarthritis is quite staggering. Various reports show that 
approximately 10-12% of the adult population experience symptomatic osteoarthritis 
(20) (21, 22). The New Zealand health survey found that 15.1% of New Zealand’s adult 
population (aged over 15) and 51% of over 75 year olds have been diagnosed with 
arthritis (23). In addition to this, the risk of developing a mobility disability where an 
aid is needed to walk up stairs can be attributed to osteoarthritis of the knee alone more 
than any other medical condition in people aged of 65 years (22, 24, 25). Due to the 
aging population, it is predicted that the number of people affected by osteoarthritis 
could increase by 50% over the next twenty years, leading to a significant healthcare 
burden (26, 27). In addition to this, the increasing prevalence of obesity will also 




Elective surgery in New Zealand can be accessed via the private or public health 
system. To have surgery performed in the private sector, surgery must be funded by the 
individual or by their private health insurance. Due to funding coming from the patient, 
supply can readily meet the demand and the patient can effectively have the surgery 
without the need of a waiting list. In the public sector, limited funding means there is 
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limited access to elective surgery. Thus patients must go on a waiting list in order to 
receive surgery. 
 
In order to receive publicly funded elective surgery, patients are placed on waiting lists 
based on clinical priority. Those that need surgery the most are placed on a waiting list 
and booked to have surgery within six months (28). Those that do not qualify to enter 
the waiting list are referred back to their GP or are put on active review where they are 
reassessed every six months and if their priority changes they can reach booked status. 
The process of entering a waiting list involves a number of rate-limiting steps, which 
can lead to the wait for surgery being extended over a long period of time. This process 




Figure 1: Flow diagram of elective surgery pathway 
 
It is clear from the above diagram that the time waited for surgery can be excessive, as 
the process leading up to getting onto the waiting list can take months to years. As a 
result of using waiting lists in the public system, an inherent difference exists between 
public and private patients in the time waited to have surgery. An important factor to 
consider is the patients need for on-going care whilst waiting for surgery and the socio-
economic and individual consequences this has. 
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Waiting times for elective surgeries are a major health concern in approximately half of 
all OECD countries including New Zealand, where mean waiting times for many 
operations are above three months and can extend to years (1, 2). A key health target of 
the Ministry of Health is to improve access to elective surgery where the volume of all 
elective procedures performed is intended to increase by at least 4000 discharges per 
year (29). However it is important to consider whether this increase will be enough to 
match the increasing demand. Current projections predict that by the late 2020’s there 
will be more than one million people aged over 65 living in New Zealand, compared to 
600,000 in 2012, and that by 2031, 20-22% of the population will be over the age of 65 
(30). Thus it is clear that the demand for total joint replacement surgery will increase 
over time. This is reflected by the fact that the New Zealand health survey showed that 
51% of over 75 year olds have been diagnosed with arthritis (23). 
 
In addition to this, local demographics will also play a factor in the demand for elective 
surgery. A local study found that the demand for total hip and total knee replacements 
in Otago was greater than the nation-wide average and this was attributed to a greater 
proportion of people aged of 55 years living in the Otago region (31). This led to 
significant delays to first specialist assessments, which further prolongs the process 
towards joint replacement surgery. At the time of the study, there were 73 patients per 
year in the Otago region who were unable to access joint replacement surgery (31). 
When looking at current statistics from the year of July 2013 to June 2014, compared to 
national average, the Southern District Health Board (DHB) delivers 1.03 times the 
amount of total hip replacements, which is down from 1.21 the previous year (32). In 
addition to this, the Southern DHB is only performing 0.79 times the national average 
of total knee replacements (32). 
 
2.5 Impact	of	Surgical	Delay	to	Joint	Replacement	
An analysis of the consequences of waiting for elective surgery reported that there are 
multiple physical, social and psychological consequences of waiting for surgery (33). 
Studies involving other surgical specialties have shown that prolonged elective surgery 




Evidence surrounding elective total hip and knee arthroplasty is not so clear. A number 
of studies have shown that longer waiting time for surgery is associated with worse 
postoperative patient-reported pain and function (5-7, 40). However other studies have 
shown that time waited for surgery does not affect post-operative pain, but is only 
related to joint function (8, 9). Furthermore, other studies report no effect of waiting 
time on pre- or post-operative outcomes. A summary of the relevant literature is shown 
below and in table 1. 
 
Williams et al. (2013) (41) 
An observational study of 1547 total knee replacement patients followed participants 
from preadmission clinic to ten years postoperatively. Oxford Knee Scores (OKS) were 
recorded were taken at one year intervals after surgery right up until ten years 
postoperatively. The study found that lower preoperative scores were associated with 
lower postoperative scores at every time point postoperatively. Females tended to score 
lower by 2.2 points and participants under the age of sixty at the time of their surgery 
had lower scores than older age groups that were less physically active.  
 
Vergara et al. (2011) (9) 
This was a prospective longitudinal cohort study conducted in Spain that followed 527 
patients on a waiting list for total hip joint replacement through to six months after 
surgery. They key aims were to determine what factors influenced waiting time and 
whether waiting time had any impact on post-operative hip pain and function. The key 
outcome measures used were the Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) and the 36-Item Short Form Health Survey (SF-36) questionnaires 
taken preoperatively and six months after surgery. This study only included those 
patients undergoing joint replacement for the treatment of osteoarthritis where patients 
having surgery due to other conditions were excluded. The authors found that those that 
waited longer than six months had poorer improvements in hip function when compared 
to those that waited less than six months. They also found that the proportion of patients 
achieving a minimal clinically important difference (MCID) decreased with increasing 
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waiting time where 72% of participants who had surgery within three months achieved 
MCID whereas only 52% of those that waited longer than six months achieved MCID. 
Waiting time was found to have no effects on the pain and stiffness domains of the 
WOMAC questionnaire. 
 
Kapstad et al. (2007) (42) 
Kapstad et al. recruited and followed 170 Norwegian patients waiting for total hip or 
knee replacement surgery to monitor changes in pain, stiffness and physical function as 
measured by the WOMAC index. Results showed that patients waiting for hip 
replacement had no change in pain, stiffness or physical function while waiting for 
surgery. Patients waiting for knee surgery had deterioration of physical function but no 
deterioration in pain or stiffness measures.  
 
Garbuz et al. (2006) (8) 
Garbuz et al. performed a prospective longitudinal study of 201 patients to investigate 
whether longer waiting times are detrimental to achieving full benefit of surgery. 
WOMAC scores were obtained at the preoperative consultation and then one year 
postoperatively. The study looked at the effect of surgical wait time on the probability 
of achieving a “better than expected outcome”. A “better than expected outcome” was 
defined as achieving a score better than the 90% confidence interval limit of the median 
postoperative score for a given preoperative score. Garbuz et al. found that the odds of 
achieving a “better than expected” outcome decreased by 8% for each month spent on 
the waiting list. Those with a “long wait” of more than six months had better than 
expected scores 31% of the time whereas those with a “short wait” of less than six 
months achieved better than expected scores 43% of the time. However these better 
than expected outcomes were for function domains only. The study found no evidence 
of wait time having a negative effect on WOMAC pain and stiffness domains. 
 
Lim et al. (2005) (43) 
This was a small observational study of 45 patients with no comorbidities undergoing 
total knee replacement. OKS was obtained preoperatively and again at two years after 
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the surgery. The study found that patients with the most severe symptoms and poorest 
preoperative scores tended to achieve the greatest gain in score at two years 
postoperatively. Despite this, they achieved poorer absolute results when compared to 
those with better preoperative scores. The authors of the study suggested that waiting 
too long before surgical intervention may compromise the final outcome.  
 
Ostendorf et al. (2004) (44) 
161 patients were recruited prospectively to assess the effect of waiting time and 
preoperative function scores on postoperative function scores where the primary 
measures used were the SF-36 questionnaire and WOMAC index. These scores were 
measured preoperatively and at three and twelve months postoperatively. The authors 
found that disease specific scores deteriorated while waiting for surgery. They also 
found that there was a considerable loss of quality-adjusted life-years (QALYs) while 
waiting for surgery where for every 100 patients there was a loss of 3.5 QALYs per 
month spent on the waiting list. Despite these findings, the study found no direct effect 
of waiting time on postoperative outcomes. However patients that were in a later phase 
of the disease process did not reach the same postoperative levels achieved by patients 
that had better preoperative function. 
 
Kennedy et al. (2003) (45) 
812 patients undergoing total knee replacement were recruited prior to surgery and 
followed for five years after their surgery. The primary measure used was the Bristol 
Knee Score. The study found that those with more severe disease preoperatively had 
greater gains in score, but remained worse overall after five years. The authors 
suggested that earlier surgery may be preferable in order to allow for better outcomes.  
 
Hajat et al. (2002) (40) 
This was a prospective study using data collected from 143 hospitals in England that 
performed public and privately funded hip replacements in England between 1996 and 
1997 and included follow up of 3600 patients. The primary measures were Oxford Hip 
Scores (OHS) taken preoperatively, three and twelve months postoperatively. Results 
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showed that those with the lowest scores preoperatively (i.e. worst pain, disability and 
function) showed the greatest amount of improvement after twelve months however still 
tended to remain worse than those with better preoperative scores. Increased length of 
waiting time to surgery was associated with poorer preoperative and postoperative 
scores and this was associated with both the time to first outpatient appointment and the 
time spent on the waiting list. In addition to this, public patients had worse scores at all 
three time points when compared to private patients by a difference of approximately 
four points. One key factor found to contribute to this was the time it took to get 
assessed by a specialist. 49% of public patients were seen within 3 months of referral 
from their GP while 86% of private patients were seen within 3 months privately. 
 
Mahon et al. (2002) (46) 
A study of 99 patients that underwent total hip arthroplasty investigated the affect of 
waiting time on postoperative health related quality of life based on WOMAC index 
scores taken preoperatively and three to six months after surgery. The authors found no 
difference between patients that had a wait of less than six months and patients that had 
a wait of more than six months. However they found that patients with shorter waits had 
poorer scores preoperatively than those that had longer waits thus indicating that more 
disabled patients received surgery earlier. The study concluded that there was no effect 
of waiting time on postoperative scores as the most severely disabled patients had 
shorter waiting times anyway. However those that waited longer for surgery did show 
greater deterioration while on the waiting list. This study had a shorter follow up period 
in comparison to other studies where twelve-month follow up was used. 
 
Nilsdotter et al. (2002) (47) 
This prospective cohort study followed 124 patients assigned for total hip replacement 
due to osteoarthritis to investigate the effects of age, preoperative status and waiting 
time on postoperative outcomes. The primary measures used for this were the SF-36 
questionnaire and WOMAC index, both taken preoperatively and at three, six and 
twelve months postoperatively. The authors found no differences in preoperative and 
postoperative scores between patients who waited more than three months and patients 
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who waited less than three months. However preoperative scores were only taken for 56 
of the 124 participants. 
 
Fortin et al. (1999 & 2002) (6, 7) 
This longitudinal study followed 379 patients who were undergoing total hip or knee 
replacement in Boston and Montreal. SF-36 and WOMAC questionnaires were used to 
measure joint function preoperatively, three and six months postoperatively and two 
years postoperatively. The study assessed whether patients who had worse physical 
function preoperatively can achieve postoperative function that is similar to that of 
patients with better preoperative function. The authors found that patients with lower 
initial physical function had poorer postoperative function and pain levels six months 
after surgery than those with better preoperative function. Continued observation found 
that scores two years after the operation were relatively similar to those obtained at six 
months. This shows that poorer preoperative function is a predictor of poorer 
postoperative pain and function up to two years after surgery. It also indicates that six-
month scores may be a reliable predictor for longer-term outcomes. Fortin et al. 
concluded that surgery performed later in the natural course of the disease process 
results in worse postoperative functional status 
 
Kelly et al. (2001) (48) 
This prospective cohort study investigated 313 patients who were waiting for total hip 
or knee arthroplasty. The authors aimed to assess the change in pain and physical 
function that occurs while waiting for major joint arthroplasty surgery using the SF-36 
and WOMAC index. They found that while waiting for surgery there were only 
minimal amounts of change in pain and physical function and that waiting time did not 
have any sort of negative impact on the amount of pain or dysfunction experienced. 
This reflects findings of Derret et al. (49) 
 
Derret et al. (1999) (49) 
A cross-sectional study was performed in New Zealand to investigate the experiences of 
people on a surgical waiting list for prostatectomy, hip or knee replacement. SF-36 
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questionnaire along with the Lequesne Index of Severity for Hip and Knee Disease were 
used as the primary measures for those waiting for hip or knee replacement. The study 
found that the severity of the hip or knee joint related disability was unrelated to the 
time spent waiting for surgery and suggested that people remained stable or had 
symptomatic improvement over the time spent waiting. However the participants were 
not followed up postoperatively to determine the effect of waiting time on long-term 
postoperative outcomes. A major limiting factor of this study was is that only 47 hip or 
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The above studies have shown that preoperative function, determines postoperative 
outcome. In contrast to this, preoperative pain and stiffness does not appear to correlate 
with postoperative outcomes. There is however some on-going debate about whether 
time spent waiting for surgery has an impact on postoperative outcome. As 
osteoarthritis is a degenerative disease that generally gets worse over time, joint 
function will decline, thus decreasing the scope of postoperative improvement. 
However, during the time spent waiting for surgery various factors will influence the 
rate of this decline, and some may slow it’s progression to a point where it becomes 
negligible. Thus there is a question of how much impact waiting time has on 
preoperative function, and postoperative outcomes.  
 
1.1 Public	versus	Private	Sectors	
From reviewing the relevant literature, it is clear that waiting for surgery has multiple 
physical, psychological and social consequences. When more time is spent waiting, the 
postoperative outcome of the surgery may be reduced due to greater preoperative 
deterioration. As private health insurance allows for funding of these elective 
procedures, the patient can elect to have surgery at a time more suitable to them, and 
therefore spend less time waiting for surgery.  
A study of Australians’ attitudes towards private health insurance found that more than 
45% of Australians buy health insurance despite having access to free public hospital 
treatment (50). The probability of experiencing a long wait for surgery also increased 
the odds of an individual purchasing private health insurance (50). This clearly shows 
that patients are adverse to the idea of having to be on a waiting list and that individuals 
can appreciate the inherent difference between public and private health systems 
regarding the time spent waiting for treatment.  
While a large amount of literature has investigated the impact of waiting time on 
surgical outcome, few studies have compared patients in the public and private sectors. 
A key assumption that can be made is that those in the private sector experience shorter 
waiting time for surgery. A review of literature was performed to assess whether this 
held true and whether there was a difference in surgical outcome between the two 
groups. 
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Adie et al. (2012) (51) 
This prospective, observational study followed 331 patients recruited through two 
public and two private hospitals in Australia that were to undergo hip or knee 
replacement surgery. The primary outcome measured was satisfaction with surgery and 
secondary outcome measures also included OHS, OKS and the SF-36 questionnaire 
taken preoperatively and six and twelve months postoperatively. Findings showed that 
private patients had better preoperative Oxford scores however there were no 
differences in scores between public and private patients at six and twelve months after 
the operation. This suggests that other factors are more important in determining long-
term outcome.  
 
Field et al. (2004) (52) 
This study was developed to assess the use of OHS to monitor postoperative progress of 
hip replacements. It followed 1908 primary and 279 revision hip replacements from the 
start of 1995. Along with analysis of features like the effect of age on postoperative 
score, the study also compared a subgroup of 826 patients in the public sector and 397 
patients in the private sector. Public patients had worse preoperative OHS and private 
patients had better postoperative outcomes as measured by the OHS at each year 
postoperatively up to seven years when data collection ended. Private patients 
underwent hip replacement after a shorter waiting time. The study found that on 
average, patients in the public system were older than those in the private system, but 
this difference in age was shown to not have an effect on the variation seen between the 
public and private groups’ scores. 
 
Hajat et al. (2002) (40) 
As described previously, this was a large, multi-centred prospective study that followed 
3600 patients receiving public and privately funded hip replacements. Along with 
looking at the impact of surgical delay on postoperative outcome, the study also found 
that patients receiving surgery in the public sector had worse OHS than private patients 
preoperatively, and at three and twelve months postoperatively by a factor of 
approximately four points. 
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Lingard et al. (2000) (53) 
Lingard et al. compared access to total knee joint arthroplasty and postoperative 
rehabilitation in twelve orthopaedic centres from the United States, United Kingdom 
and Australia. A key finding was that patients that attended a private hospital waited 1-8 
weeks for their first consultation and 2-12 weeks for a surgical date. Whereas patients 
attending publicly funded hospitals waited 4-12 months for a first consultation and 12-
18 months for a surgical date. This clearly identifies the difference in waiting time for 
surgery that occurs between public and private health sectors.  
 
 
It is clear from the relevant literature that there is conflicting evidence regarding the 
surgical outcome of those having surgery in the public health system compared with 
those having surgery in the private health sector. Lingard et al. effectively illustrated the 
difference in surgical waiting time that is seen between public and private health 
systems (53). While this study was based on US, UK and Australian health systems, it 
does identify a clear trend. The study by Hajat et al. clearly showed that waiting time 
led to poorer outcomes, and that having surgery in the public sector was also associated 
with poorer preoperative scores and poorer outcomes (40). Field et al. also found similar 
results (52). However a recent Australian study performed by Adie et al. contradicts 
these findings as it showed no difference between public and private patients (51). 
Unfortunately no other literature could be found that directly compared surgical 





The demand of acute orthopaedic surgery in New Zealand is high. In the Southern 
DHB, when looking at the demand of all acute surgical services, orthopaedics is second 
behind general surgery, and over the last three years has accounted for approximately 
29% of all acute operations performed (54). This trend is also reflected throughout the 
other DHBs of New Zealand where acute orthopaedic surgery typically accounts for 20-
35% of the acute surgical services discharge volume. When taking case weights into 
account, which provide a measure of the cost of the treatment given to each patient, 
orthopaedics surpasses general surgery when looking at case-weighted discharge 
volumes (55). Thus it is clear that in New Zealand there is a high demand for acute 
orthopaedic surgical services. Given this high demand, resources are often stretched, 
leading to delay in access to the acute operating theatre. 
 
3.1 Reasons	for	Surgical	Delay	
Preoperative delay can be attributed to a number of factors. In many cases, surgery is 
delayed due to clinical reasons. Examples of this would include anaemia, coagulation 
issues due to the use of anti-coagulants, current infection, and other medical 
comorbidities. Due to the high demand for acute surgery in the public system, a lot of 
surgical delay can be attributed to logistical factors like access to an operating theatre, 
availability of surgeons, and availability of equipment and implants.  
 
James et al. clearly described the key factors that determine the timing of an operation 
where factors may be clinical or logistical (56). Key logistical factors described 
included availability of theatre time and availability of surgeons. Clinical factors 
included general medical issues, and local issues like swelling (56). A study by Vidan et 
al. of 2250 hip fracture patients found that of the surgeries that were delayed, 60.7% 
were delayed due to lack of operating room availability while 33.1% were delayed due 
to acute medical problems thus indicating significant logistical delay (57). Similarly, 
another study followed 401 patients and found that 119 out of the 137 surgeries that 
were delayed were due to unavailability of an operating theatre and this was after 59 
operations were done on lists normally used for elective operations (58). A key clinical 
reason for surgical delay is the use of warfarin for anti-coagulation. One study found 
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that patients on warfarin awaiting NOF fracture surgery waited on average 4.36 days for 
surgery in comparison to 1.78 days for those that were not on warfarin (59). 
 
A systematic literature review by Bhagvan et al. (60) assessed the status of acute 
surgical care in Australia and New Zealand. A key issue reported was that hospitals in 
trying to avoid disrupting elective operating lists tended to put off emergency surgery 
until after hours. However this increases pressure on the theatre resources during after-
hours periods (60). Thus a key factor in reducing surgical delay suggested by the 
authors was to make surgery more accessible during nights and weekends (58, 60). 
Another logistical factor is the availability of beds on acute surgical wards. A Scottish 
study found that a significant number of patients on acute surgical wards could have 
been transferred to another ward much earlier (61). Delay in discharge can therefore 
restrict access to surgery, however this is more likely to affect the elective surgical list. 
Preoperative investigations can also lead to delay. Cardiac clearance of patients using 
other non-invasive cardiac investigations on top of electrocardiogram has been shown to 
be a significant cause of delay in patients with hip fractures (62). The biggest logistical 
factor that leads to surgical delay however seems to be unavailability of operating 
theatre time (57, 58, 63, 64). These previous studies have shown that this accounts for 
60-85% of delayed orthopaedic procedures. 
 
3.2 Medical	consequences	of	acute	surgical	delay	
The consequences of surgical delay on postoperative outcome have been extensively 
studied, mainly for hip and NOF fractures in elderly people. Multiple studies have 
found that surgical delay is associated with increased one-year mortality and have 
suggested that surgery performed within 48 hours of admission will lead to lower 
mortality rates (65-72). However when the reason for surgical delay is included in the 
evaluation, this relationship between delay and mortality is not as clear. Vidan et al. 
(57) found that after adjusting for age, dementia, pre-existing medical issues and 
comorbidities, there was no association between surgical delay and mortality for delays 
of up to five days. There was however a relationship between delay of more than five 
days and increased mortality (57). This study suggested that a delay due to logistical 
reasons seems to have much less of an effect on mortality rates. Other studies found that 
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when patients that were delayed due to clinical reasons were excluded, there was no 
association between delay and one-year mortality (73, 74). Due to this additional 
evidence, it is clear that delays due to logistical reasons have a much lower impact on 
one-year mortality rates than delay due to clinical reasons. Other studies have shown 
that increased surgical delay is associated with higher incidence of postoperative 
complications and morbidity, for example deep venous thrombosis (75, 76).  
 
Studies regarding other orthopaedic procedures were difficult to come by. However a 
systematic review of the treatment of open fractures found that delay to flap coverage of 
the open wound can lead to suboptimal bone healing, infection and complication rates 
(77). Another study investigating open reduction and internal fixation of calcaneus 
fractures found that surgery delay of more than two weeks increased the risk of deep 
infection and superficial wound edge necrosis (78). 
 
Despite a small number of conflicting studies, evidence suggests that prolonged surgical 
delay can lead to increased risk of complications, morbidity and mortality. In light of 
this, the New Zealand Guidelines Group suggests that delay between admission and 
surgery, regardless of the reasons, may be associated with increased mortality, 
morbidity and length of hospital stay (79). Thus operation within 24 hours should be 
recommended for most people. 
 
3.3 Economic	impact	of	acute	surgical	delay	
In addition to direct consequences to the individual, surgical delay can result in other 
factors like increased length of stay in hospital and increased medical requirements, all 
of which come at an economic cost to the healthcare provider.  
 
An investigation performed at the Wellington School of Medicine assessed delayed 
surgical intervention for acute plastic procedures and the resultant economic impact of 
this. By calculating unnecessary bed days and avoidable costs of intravenous antibiotics, 
the study found that on average an extra $780 was being spent on each patient whose 
surgery was delayed (64). Another hidden cost reported was that eleven patients on 
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elective lists were cancelled to allow theatre access for acute cases that had been 
significantly delayed (64).  
 
Several studies have evaluated the impact of surgical delay on the total length of stay in 
hospital. The amount of time spent in hospital is an important cost factor to be 
considered. Increased surgical delay was shown to be associated with increased length 
of stay in hospital for multiple orthopaedic procedures (56, 80-84). Comparisons of 
patients who have acute orthopaedic procedures within 48 hours to those whose are 
delayed shows that delay in surgery beyond 48 hours can increase the length of stay by 
a significant factor where differences in lengths of 4 to 11 days have been reported (56, 
81, 82). The economic impact of increased surgical delay varies and will largely depend 
on the cost per day for a patient staying in hospital. Verma et al. reported that increased 
length of stay in elderly patients with NOF fractures comes at a cost of $2800 per 
patient (83). James et al. calculated that patients whose ankle surgery was delayed 
beyond 24 hours had an increase in stay of approximately 4.4 days, which translated to 
an extra £990 per patient whose operation was delayed (56). 
 
Ankle fractures specifically can be prone to swelling if surgery does not happen within 
48 hours and this can lead to long delays. A study investigating the use of pneumatic 
foot pumps to reduce inflammation in ankle fracture patients found that delay to surgery 
was reduced by approximately 50%. This led to reduced length of stay and a saving of 
£953 per patient (85). 
 
3.4 Patient	perspective	of	surgical	delay	
There is very little literature that explores patient perspective and satisfaction with the 
time waited for acute surgery. One study investigating factors that relate to patients’ 
satisfaction with their medical care found that treatment length was one of thirteen key 
factors related to patient satisfaction (86). In addition to this, a study assessing the gap 
between patient expectations and satisfaction found that two of the greatest gaps were in 
the time waited for admission, and time waited to fulfilment of the medical needs (87). 
This particular study concluded that poor performance with regard to waiting time is a 
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significant factor relating to low satisfaction and is an area that should be targeted for 
improvement. 
 
A large amount of research has focused on patient satisfaction with waiting time for 
elective surgery and expectations of maximum acceptable waiting times. However there 
have been no previous studies on patient perspective of delayed acute surgery. This is 




The current evidence presented in the literature suggests that worse preoperative 
function is associated with worse postoperative function in patients undergoing elective 
total joint arthroplasty. There is however conflicting evidence about whether the time 
waited for surgery has any impact, and whether having surgery in the public or private 
sector has any impact. In New Zealand, there is an assumption that private patients have 
access to surgery at an earlier stage in the disease process. This is supported in literature 
where private patients have better pre-operative Oxford Scores (4, 5, 40). Based on this, 
my hypothesis is that private patients will show better postoperative outcomes than 
public patients. For public patients that have pre-operative data available, those with 
poorer pre-operative scores will show similar gains in scores to higher functioning 
patients, but will have lower absolute post-operative scores. 
 
With regards to the acute arm of this study, literature has shown that surgical delay is 
related to a number of things including clinical and logistical factors. My hypothesis for 
this arm of the study is that logistical factors will be the primary cause for a high 
proportion of acute orthopaedic surgeries in Dunedin Public Hospital to be delayed and 
this will produce high financial burden as a result. 
 
No literature could be found that directly evaluates the patients’ perspective on the time 
spent waiting for acute surgical intervention and how waiting can impact on patient 
satisfaction. My hypothesis is that longer time spent waiting will be associated with 





Ethical approval for this study was granted by the University of Otago Human Ethics 
Committee (Health) (reference number H14/043). Locality authorisation was granted by 
Health Research South (Project ID: 01002). Consultation was also undertaken with the 
Ngai Tahu Research Consultation Committee. This committee suggested that ethnicity 
data should be collected as part of the project. Unfortunately ethnicity data could not be 
obtained for the retrospective cohort groups however ethnicity data was collected for 
other parts of this study. 
In addition to this, permission from each of the consultants that have private 
orthopaedic patients under their care at Mercy Hospital Dunedin was obtained to allow 





A retrospective cohort study was conducted in the Department of Orthopaedics, 
University of Otago, which is based at Dunedin Hospital (DPH). The study involved a 
cohort of patients recruited retrospectively using data that had been collected over the 
past five years in order to evaluate the impact of surgical delay for patients undergoing 
elective orthopaedic procedures. Patients who had undergone elective hip or knee total 
joint replacement surgery were retrospectively recruited to assess the impact of surgical 
waiting lists on surgical outcome by using Oxford Hip and Knee Scores. 
 
5.2.2 Recruitment	and	Consent	
The case population included all patients who had a total hip or knee replacement at 
DPH or Mercy Private Hospital, Dunedin between January 2009 and January 2013. 
Note that all consultant surgeons in Dunedin who perform total hip and knee joint 
replacements operate in both public and private sectors. Recruitment of patients for the 
elective surgery cohort was achieved using NZJR data. The NZJR collects data on 
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implants and outcomes for all hip and knee operations done in New Zealand. In order to 
monitor patient outcome, the NZJR sends out OHS and OKS Questionnaires to 20% of 
patients six months after they have had their surgery. The information collected from 
these questionnaires provides an accurate measurement of long-term outcome, as six-
month scores have been shown to be a good predictor of five-year scores (12). A 
request was submitted to the NZJR to provide the National Health Index (NHI) numbers 
of patients who had undergone a total knee joint or total hip joint replacement at DPH 
or Mercy Hospital Dunedin between January 2009 and January 2013 and who had 
completed a six-month OHS or OKS questionnaire.  
Consent from these patients was obtained prior to their surgery where they signed a 
NZJR consent form that permits patient data to be forwarded to the NZJR for future 
audit and research purposes (see appendix 1). 
A total of 464 patients were recruited for this arm of the study using this method, where 
233 (50.2%) had surgery in the public sector at DPH and the remaining 231 (49.8%) 
had surgery in the private sector at Mercy Hospital Dunedin. 
 
5.2.3 Inclusion	Criteria	
Inclusion criteria for patients were as follows: 
• Had elective primary total hip or knee arthroplasty procedure between January 
2009 and January 2012 in a Dunedin hospital 
• Aged 18 years or older 
• Completed written consent for information stored with the NZJR 
• Completed the six-month Oxford Hip or Knee Questionnaire 
 
5.2.4 Exclusion	Criteria	
Exclusion criteria for patients were as follows: 
• Hip arthroplasty performed for hip fracture 
• Aged under 18 years old 
• No record of six-month OHS or OKS 




When recruited from the NZJR database, information already available included NHI 
number, age, gender, date of surgery, hospital the surgery was performed at, the six-
month postoperative Oxford Score, and a breakdown of that score with individual 
scores for each of the twelve questions. In order to gain more information for the public 
patients, NHI numbers were used to search for patient notes on the DPH iSoft database. 
With that access, referral letters, admission notes, operation notes, and outpatient letters 
could be viewed. Waiting time to surgery was measured from the date of the first 
appointment with a specialist and the date of surgery. In addition to this, any other 
important factors relating to the patient’s surgery and recovery were also noted.  
Preoperative Oxford Scores are not currently stored electronically at DPH. Thus in 
order to obtain these scores, hard copies of the survey were accessed using NHI number 
to identify members of the study. As a result of this, the preoperative scores could only 
be obtained for a minority of the patients recruited from the NZJR. Along with the total 
preoperative score, the twelve-question breakdown of the score was also recorded. 
Unfortunately access to private patients health records was unavailable. In order to gain 
an estimation of the time waited for surgery for those in the private sector, a short 
survey was sent to each of the surgeons that perform hip and knee replacements at 
Mercy Hospital Dunedin. This survey can be seen in appendix 2. The results of this 




The primary tool used to measure patient outcome was the Oxford Hip or Knee 
Questionnaire. These questionnaires were developed as joint-specific instruments that 
aim to minimise the influence of other comorbidities when assessing the outcome of hip 
and knee replacement surgery (88). The patient completes them in order to minimise 
any potential bias introduced by surgeons when assessing the patient’s outcomes 
themselves (88). The questionnaire includes twelve questions on activities of daily 
living that aim to quantify the level of disability experienced associated with the hip or 
knee. A copy of the Oxford Hip and Knee Questionnaires can be found in appendix 3. 
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Each question has five alternative answers that the patient can choose from where each 
answer has a corresponding score. The format of questions used in this study is where 
the answer corresponding to normal function gives four points and then answers 
indicating decreasing levels of ability score three, two, one and zero for the lowest level 
of function. An example of these questions is shown below. 
1. How would you describe the pain you usually had from 
your operated on hip? 
4   None 
3   Very Mild 
2   Mild 
1   Moderate 
0   Severe 
Scores from all twelve questions are summated to provide a total score of 0 to 48 where 
the maximum score of 48 would indicate normal function and 0 would indicate the most 
severe disability (52). Please note that another format of the Oxford Questionnaires uses 
a 12 to 60 point scoring system, where 60 indicates the most severe disability and 12 
indicates normal function. All questions are the same; only the scoring is from 1-5 
where increasing score indicates increasing level of disability. To convert from one 
scoring system to the other, simply subtract the score from 60. This scoring system has 
been validated in several publications (89-91). 
In addition to this, a score categorisation system for Oxford scores has been developed 
which is based off the Harris Hip Score. A study following 200 total hip arthroplasty 
patients compared Harris Hip Scores with OHS (92). This allowed the formation of 
categories to determine whether surgical outcome is excellent, good, fair, or poor. When 
using the 0 to 48 point scoring system, a score of >41 is categorised as excellent, 34-41 
is good, 27-33 is fair, and <27 is poor (92). This method of categorisation was utilised 




All data analysis was performed using the software programme SPSS. Descriptive 
statistics were carried out on all patients. Six-month scores were compared between 
public and private patients along with the scores of the twelve individual questions. 
Where pre-operative scores were available, analysis of the absoulte and relative changes 
in scores were performed. A p-value of <0.05 was used to determine significant 
difference. For all linear correlations, Pearson’s correlation coefficient was used to 
illustrate the degree of correlation. 
Data was also divided in order to separately analyse the sub-group of patients that had 
preoperative scores available. This allowed analysis of the change in scores from 
preoperative, to six months postoperative. Due to the limited available data, significant 
descriptive statistics were difficult to produce. This sub-group was then divided into 





The acute arm of this study was mixed-methods in nature where the main component 
involved a retrospective cohort study conducted in the Department of Orthopaedics, 
University of Otago, based at DPH. In addition to the retrospective cohort, the study 
also included prospective recruitment of a small population of patients that completed a 
patient perspective questionnaire.  
The aim of this study was to quantify surgery delay in acute orthopaedics patients and 
investigate factors associated with this delay. This was achieved by recruiting patients 
retrospectively using data collected in the year 2013 in order to investigate the 
timeliness of surgery, and causes and consequences of surgical delay for acute 
orthopaedics patients in DPH. In addition to this, patients undergoing acute orthopaedic 
procedures were prospectively recruited to complete a survey in order to evaluate 





The source population for the retrospective part of this study included all patients who 
underwent an acute orthopaedic operation at DPH between July 1 2013 and November 8 
2013. Recruitment of patients from this source population was achieved using the DPH 
operating theatre management database, which records data for all operations carried 
out at DPH. From this database NHI numbers were recorded along with all relevant 
patient data available. As data was collected for audit purposes patient consent was not 
required. 
A total of 472 patients were recruited for this arm of the study using this method. 
Twenty-three of these patients had multiple surgeries during the same admission thus a 
total of 507 different surgeries were investigated as part of this study. 
 
5.3.3 Inclusion	Criteria	
Inclusion criteria for patients were as follows: 
• Acute orthopaedic procedure at DPH between July 2013 and December 2013. 
• Surgical priority and waiting time information available 
 
5.3.4 Exclusion	Criteria	
Exclusion criteria for patients were as follows: 
• Waiting time and priority data unavailable 
• Incomplete or contradicting surgical data 
	
5.3.5 Data	Collection	
Patients were recruited using the DPH theatre management database. By accessing this 
database, the following data could be extracted: type of surgery performed, date and 
time the surgery was booked, date and time the surgery was actually performed, the 
priority of the surgery and whether the surgery was performed within the priority time 
limit or not. Surgical priority is a method of triage used to prioritise patients for 
accessing theatre. The acute surgical registrar is typically responsible for assigning the 
surgical priority and this is done based on the severity of surgical issue. Priority ranking 
is ranked from P1 (most urgent) to P5 (least urgent) and has a time associated with it 
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indicating the period in which the surgery should be performed by. P1 conditions are 
life threatening and require surgery within 20 minutes; P2 are organ or limb threatening 
conditions to be performed within 60 minutes; P3 are non-critical, but urgent and should 
be performed within 6 hours; P4 are non-critical and not urgent to be performed  within 
24 hours; P5 are acute episodes with no adverse consequence, to be performed within 
72 hours.  
Along with this we also recorded patient information including NHI number, age and 
gender. NHI numbers were used in order to access admission notes, operation notes, 
and any other relevant information using the DPH iSoft patient record database. By 
accessing iSoft, time and date of discharge could be recorded in order to determine the 
total length of stay. Admission notes and operation notes were accessed in order to 
assess reasons for surgical delay.  
	
5.3.6 Data	Analysis	
Similarly to the elective arm of this study, all data analysis was performed using the 
software programme SPSS. Descriptive statistics were carried out for all included 
patients. Surgical cases were grouped according to whether the surgery was performed 
in time or out-of-time, according to the given surgical priority time frame. This allowed 
for analysis of multiple secondary measures including the surgical priority, anatomical 
region, anatomical location, time of day, and day of week, and how these measures 
influenced the chance of surgery being performed in time. A p-value of <0.05 was used 
to determine significant difference between the in-time and out-of-time groups. 
Preoperative length of stay was also measured in order to quantify the effect of surgical 
delay on length of stay and cost to the health system. This was measured from the time 
of admission, to the time of surgery. Extra preoperative length of stay in hospital was 
determined by whether the surgery was performed on the same day it was due or not. 
For example, if a surgery was booked on a Thursday at 9am and was due to be done 
within twenty-four hours, and it was performed on Friday at 1pm, the surgery was 
delayed however there was no extra preoperative length of stay. However if the same 
surgical case was performed on the Saturday, this was deemed as one extra day spent in 
hospital preoperatively. A number of cases were discharged from hospital and re-
admitted when their surgery was available to be performed. Preoperative and extra 
length of stay was adjusted for these cases accordingly. 
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Extra length of stay was used to quantify the approximate cost of surgical delay. In 





For the prospectively recruited cohort completing the patient perspective survey, the 
source population included patients undergoing an acute orthopaedic procedure in DPH 
from April 14 2014 to August 29 2014. Potential participants were identified by 
accessing the DPH acute surgery whiteboard. This displays patients currently waiting 
for surgery, the procedure they are booked for, and the priority of their surgery, along 
with name, NHI number and age. The information of potential participants was 
recorded and these patients were then approached on the ward at some time post-24 
hours after they had had their surgery. This was in order to allow time for recovery 
before being asked to complete the survey. Informed consent was obtained at the 
bedside by the investigator. If written consent was unable to be given due to an 
operation involving the hands, witnessed oral consent was obtained. The information 
sheet and consent form can be found in appendix 4. 
 
5.4.2 Inclusion	Criteria		
Inclusion criteria for participants were as follows: 
• Acute orthopaedic surgical procedure during current admission 
• Must be first or only operation during the same admission  
• Aged 16 years or older 
• No known cognitive impairment 
• Completed written informed consent 
 
5.4.3 Exclusion	Criteria		
Exclusion criteria for participants were as follows: 
• Had subsequent multiple surgeries during same admission 
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• Presence of cognitive impairment 
• Poor written and spoken English language comprehension 
• Aged under 16 years of age 
• Declined to participate 
 
5.4.4 Data	collection		
When potential participants were identified using the acute surgical theatre whiteboard, 
the NHI number, procedure they were having, and the priority of the surgery was also 
recorded. The questionnaire was then completed by the patient approximately twenty-
four hours after their operation and after informed consent had been obtained. 
At the end of recruitment, the DPH acute surgical theatre management database was 
accessed in order to collect the data for these patients. This allowed information about 
the actual time of surgery, actual time of surgical booking, and other relevant 
information to be collected so that it could be compared to self-reported information 
obtained in the questionnaire. NHI numbers were also used to access patient notes on 
the DPH iSoft patient record database. Again this allowed information about reasons for 
surgical delay and possible complications to be obtained. 
 
5.4.5 Patient	Perspective	Questionnaire	
A questionnaire was developed by the researcher with the aid of their supervisor. This 
questionnaire aimed to assess the patient’s perspective of their time waiting for surgery 
and how this impacted their overall well-being. It also assessed the consequences of 
surgical delay beyond their medical condition by evaluating how surgical delay may 
have impacted on the patient’s day-to-day life. 
The questionnaire developed was a thirteen-question survey. A question on ethnicity 
was included in order to meet suggestions put forward by the Ngai Tahu Research 
Committee. This questionnaire was submitted as part of the peer-review process in 




Like all aspects of this study, all data analysis was performed using the software 
programme SPSS where descriptive statistics were carried out for all included 
participants. Participants were grouped into those that had surgery in time and those that 
had surgery out-of-time according to their surgical priority status. This then allowed 
analysis of the effect of surgical delay on various aspects reported in the patient 
perspective questionnaire. The majority of questions included in the questionnaire 
involved providing a ranked score of one to five. Thus correlations between various 
questions were calculated using Spearman’s rank correlation coefficient, which is suited 








Patients for the elective arm of the study were retrospectively recruited using NZJR 
data. Between January 2010 and December 2012, a total of 253 total hip joint 
replacement patients had returned a six-month postoperative OHS to the NZJR. All 
patients (100%) met the inclusion criteria. 
The public and private group were similar in the distribution of both age and sex. The 
mean age of the public group was 68.2 years (range 41-88) while the mean age of the 
private group was 66.8 years (range 41-89). The median ages were 70 years for the 
public group and 67 years for the private group. The public group had 55 males and 77 
females (41.7% male) and the private group had 65 males and 56 females (53.7% male). 
When these patients were initially recruited, demographic and surgical data was 
collected along with six-month postoperative score. This demographic information and 














Table 1: Demographic and basic surgical data: Public and Private THJR groups 
 Public Private 
Number recruited 132 121 
Age (SD) 
Mean = 68.2 (10.4) 
Median = 70 
Range = 41 – 88 
Mean = 66.8 (9.7) 
Median = 67 
Range = 41 – 89 
Gender (male) 55 (41.7%) 65 (53.7%) 
6 month Post-op OHS 
(95% CI)* 
Mean = 37.94 (36.38 – 
39.50) 
Mean = 41.74 (40.71 – 
42.77) 
Number Achieving 
Excellent Post-op Score** 63 (47.7%) 73 (60.3%) 
Surgery Wait Time 
(SD)*** 
Mean = 243 days (191) 
Range= 21 to 1183 
NA 
*All Oxford Scores reported use the 0 to 48 points system where a higher score 
indicates better outcome 
**Excellent Score as described by Kalairajah et al (2005) is >41 points (92) 
**Note that wait time is from first specialist appointment so does not include time 
waited for specialist referral. This data is not available for private patients. 
 
6.1.2 Six-month	Postoperative	Scores	
OHS recorded six months postoperatively were available for all included patients. Note 
that the Oxford Scores reported use the 0 to 48 scoring system. The mean OHS for the 
public group was 37.94 (SD=9.1) and 41.74 (SD=5.7) for the private group (p<0.001). 
A comparison of these scores can be seen in figure 2.  
When assessing the distribution of the data, it was found that for both public and private 
patients the scores had a heavy negative skew, where a high proportion of patients 
achieved higher scores. While the T-test is relatively robust to skewed data, a 
transformation was performed in order to gain a more accurate reflection of the 
relationship between public and private patients, and also to allow a multiple linear 
	 44	
regression to be performed. An independent samples T-test comparing the transformed 
scores of public and private patients showed that the median score for private patients 
was on average 17.0% better than public patients (95% CI: 7.7-27.0, p<0.001).  
 





A multiple linear regression model was run in order to determine the difference between 
public and private patients when adjusting for age and gender. This also allowed for 
evaluation of the amount of effect age and gender has on the postoperative OHS. Note 
that all statistical assumptions that need to be met in order for multiple linear analyses to 
be valid were thoroughly checked. 
When adjusted for age and gender, the difference in six-month OHS showed that private 
patients achieve median scores that are 15.6% better than public patients (95% CI: 6.3-
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25.7, p=0.001). This compares to an unadjusted difference of 17.0%. In addition to this, 
the multiple linear regression model showed that with increasing age, the median six-
month OHS worsens by 0.50% for each year (95% CI: 0.10-0.90, p=0.021). Gender was 
not found to be a significant predictor of post-operative score (p=0.368). 
 
6.1.4 Six-month	Postoperative	Score	Categories	
Kalairajah et al. has developed score categories for the OHS based on the Harris hip 
score (92). When translated to the 0 to 48 points system, a score greater than 41 
indicates an excellent score, 34 to 41 is good, 27 to 33 is fair, and less than 27 is 
considered poor. When the scores for the hip patients in this study were put into these 
categories, private patients had significantly higher excellent outcomes, and 
significantly lower poor outcomes. Of the 132 public patients included, 47.7% (n=63, 
95% CI 39.2 – 55.6) achieved an excellent score while 60.3% (n=73, 95% CI 51.4 – 
69.0) of the private patients achieved an excellent outcome. In addition to this, 12.9% 
(n=17, 95% CI 7.6 – 19.1) of the public patients had a poor outcome whilst only 2.5% 
(n=3,  95% CI 0.0 – 5.7) of private patients had a poor outcome. There was no statistical 
difference between public and private patients across each score category except 
“poor”, where a greater proportion of public patients had a poor outcome. This data is 


















When assessing each question individually and comparing between public and private 
patients, private patients had a higher mean score for all twelve questions. The 
distribution of scores for all questions was negatively skewed thus a Mann-Whitney U 
test was run in order to determine whether there was a difference in individual question 
scores between public and private patients. Scores for ten out of the twelve questions 
included in the OHS questionnaire were statistically significantly higher in private 
patients than in public patients at the p<0.05 level. The two questions that showed no 
statistically significant difference were question eight (p=0.092) and question 12 
(p=0.121). Note that question eight and question twelve are two pain-related questions. 
Significance levels for the Mann-Whitney U test along with other descriptive statistics 




Table 2: Six-month Oxford Hip Scores for Individual Questions 
Mean and Median 6-Month Oxford Hip Scores for Individual Questions 
	 	 Public	 Private	 Mann-Whitney	U	Test	
Significance	level	
Question	1	 Mean	 2.53 2.93 0.024	
Median	 3	 3	
Question	2	 Mean	 3.34 3.69 0.004	
Median	 4	 4	
Question	3	 Mean	 3.18 3.43 0.028	
Median	 3	 3	
Question	4	 Mean	 2.73 3.17 0.002	
Median	 3	 3	
Question	5	 Mean	 3.39 3.80 <0.001	
Median	 4	 4	
Question	6	 Mean	 3.44 3.65 0.015	
Median	 4	 4	
Question	7	 Mean	 3.14 3.54 0.001	
Median	 3	 4	
Question	8	 Mean	 3.42 3.60 0.92	
Median	 4	 4	
Question	9	 Mean	 3.33 3.58 0.033	
Median	 4	 4	
Question	10	 Mean	 2.98 3.46 0.001	
Median	 3	 4	
Question	11	 Mean	 3.14 3.53 <0.001	
Median	 3	 4	




The mean time waited for surgery for public patients was 243 days (SD=191) and this 
ranged from 21 days to 1183 days. No significant correlation was found between the 
time waited for surgery and six-month postoperative OHS (Pearson’s  
r=-0.127, p=0.145). However, when patients were grouped according to whether they 
had surgery within six months of first specialist referral or not, a more noteable trend 
was seen. Of the 132 patients that had hip replacement in the public sector, only 59 
(44.7%) had surgery within six months of their first specialist appointment. The group 
that had surgery within six months achieved higher postoperative scores where the 
mean score was 39.47 in comparison to 36.70 for the group that waited longer than six 




When looking at all patients and their outcomes, there was a significant negative 
correlation between age and six-month postoperative scores where the score decreased 
with increasing age (Pearson’s r=-0.157, p=0.012). This relationship was also identified 
in the multiple linear regression model, which showed that scores worsen by 0.5% with 
each year of increasing age (p=0.021). Public and private patients were then assessed 
individually.  Private patients showed a significant negative correlation between age and 
six-month score (Pearson’s r=-0.257, p=0.010). Public patients however showed no 
significant relationship (Pearson’s r=-0.101, p=0.250). 
 
6.1.8 Demographics	for	Sub-group	of	Patients	With	Preoperative	Scores	
OHS responses are not currently recorded electronically at DPH thus there was limited 
availability of preoperative scores. Note that these scores were taken at the pre-
admission clinic approximately one week prior to the patient’s surgery. Scores were 
available for 48 out of the 132 public patients (36.4%). Preoperative OHS responses are 
not recorded for private patients. The mean preoperative score for public patients was 
16.35 (SD=7.9). 
This sub-group of patients had very similar age and sex distributions to the entire public 
cohort. The mean age of the sub-group of patients with preoperative scores available 
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was 68.2 years (range 41-85) and this mirrored the mean of the entire public patient 
cohort. The sub-group had 22 males and 26 females (45.8% male) and the entire public 
cohort had 41.7% male. Demographic and surgical data can be found in table 3. 
 





When preoperative scores were compared with six-month postoperative scores, there 
was no significant linear correlation where worse preoperative scores predicted worse 
postoperative scores (Pearson’s r=0.06, p=0.683). A number of outliers were noted 
showing noticeably lower postoperative scores than the rest of the group. Review of 
these patients’ notes revealed that three cases had hip pain related to lumbar spine 
pathology, one patient non-adherence to rehabilitation, one had recurrent hip pain and 
instability which required a total hip arthroplasty revision, and one patient was blind 
thus affecting some of the function scores in the Oxford Hip Questionnaire. The patient 
requiring a revision actually had a reduction in their OHS at six months. When these six 
 Public with Pre-op Scores Entire Public Cohort 
Number  48 (36.4% of total) 132 
Age (SD) 
Mean = 68.2 (9.9) 
Median = 71 
Range = 41 – 85 
Mean = 68.2 (10.4) 
Median = 70 
Range = 41 – 88 
Gender (male) 22 (45.8%) 55 (41.7%) 
Pre-op OHS (SD) Mean = 16.35 (7.9) NA 
6 month Post-op OHS 
(SD) Mean = 39.40 (8.9) Mean = 37.94 (9.1) 
Surgery Wait Time (SD) 
Mean = 250 days (230) 
Range= 23 to 1183 
Mean = 243 days (191) 
Range= 21 to 1183 
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outliers were excluded, the linear correlation between preoperative scores and 
postoperative scores improved in significance however there was still no statistically 
significant correlation (Pearson’s r=0.165, p=0.297). Data with outliers excluded are 
displayed in figure 4.  
Preoperative scores were then divided into quartiles where the first quartile was the best 
(i.e. had the highest 25% of scores). These were then compared with six-month scores 
to assess whether there was a relationship between preoperative score and the amount of 
improvement in score after six months. There was no significant difference between 
groups for the six-month scores. There was a general trend for score improvement 
where those in the groups with poorer preoperative scores had a greater improvement in 
score. This would be expected due to the fact that a lower score allows for more room to 
improve on the 0-48 point scale. These data are represented in table 4, and figure 5. 
 





Table 4: Oxford Hip Scores based on Pre-operative Score Quartiles 
 












Mean SD Mean SD Mean SD 
1 (best) 21-48 27.09 6.1 41.45 7.2 14.36 8.4 
2 16-20 18.21 2.3 36.57 9.2 18.36 9.3 
3 11-15 12.75 1.5 41.33 7.8 28.58 8.1 
4 (worst) 0-10 7.18 2.8 38.82 11.0 31.64 11.7 
Total  16.35 8.0 39.40 8.9 23.04 11.5 
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6.1.10 Effects	of	Time	Waited	for	Surgery	
The mean surgical wait time for public patients whose preoperative score was available 
was 250 days (SD=230) and this ranged from 23 days to 1183 days. Similarly to the 
entire cohort, no significant relationship was found between time waited for surgery and 
six-month score (Pearson’s r=-0.160, p=0.276). The relationship between time waited 
for surgery and improvement in the OHS was then assessed. This showed a weak 
negative, linear relationship where the degree of improvement decreased with extended 
waiting time however this was non-significant (Pearson’s r=-0.215, p=0.142). This 
relationship is shown in figure 6.  
When comparing those that waited less than six months for surgery with those that 
waited longer than six months, only 23 (47.9%) had surgery within six months of first 
specialist appointment. Those that had surgery within six months showed worse 
preoperative scores by an average of 2.02 points however this was not statistically 
significant (p=0.394). Despite worse preoperative scores, the group that had surgery 
within six months achieved higher scores at six months after the operation where the 
mean score was 42.00 in comparison to 37.00 for the group that waited longer than six 
months (p=0.047). In addition to this, the group that waited less than six months showed 
a greater improvement in score with a mean improvement of 26.70 points, whereas the 

















Similarly to the entire cohort, a multiple linear regression model was run in order to 
determine predictors of post-operative outcome. The predictor variables included in the 
model were preoperative OHS, time waited for surgery (days), age and gender. Note 
that due to skewness of the data, a transformation was performed in order to normalise 
the residuals. 
The resultant model produced using these variables did not show statistical significance 
(Pearson’s r=0.358, p=0.197). Of the predictors included, only age was a statistically 
significant predictor where median scores worsened by 1.2% per year of increasing age 
(p=0.044). Pre-operative score, time waited for surgery and gender coefficients did not 
show any statistical significance. It is clear that more data is required in order to 




Patients for the elective arm of the study were retrospectively recruited using NZJR 
data. Between January 2009 and December 2012, a total of 210 total knee joint 
replacement patients had returned a six-month post-operative OKS to the NZJR.  All 
patients (100%) met the inclusion criteria. 
The public and private group were similar in the distribution of both age and sex. The 
mean age of the public group was 70.6 years (range 52-89) while the mean age of the 
private group was 67.9 years (range 50-87). The public group had 44 males and 56 
females (44% male) and the private group had 61 males and 49 females (55.5% male). 
When these patients were initially recruited, demographic and surgical data was 
collected, along with six-month postoperative OKS responses. This demographic 















Table 5: Demographic and basic surgical data: Public and Private TKJR groups 
 Public Private 
Number recruited 100 110 
Age (SD) 
Mean = 70.6 (8.7) 
Median = 72 
Range = 52 – 89 
Mean = 67.9 (8.1) 
Median = 69 
Range = 50 – 87 
Gender (male) 44 (44%) 61 (55.5%) 
6 month Post-op OKS 
(95% CI)* 36.55 (34.98 – 38.01) 40.82 (39.29 – 42.05) 
Number Achieving 
Excellent Post-op OKS** 27 (27.0%) 60 (54.5%) 
Surgery Wait Time 
(SD)*** 
Mean = 274 days (208) 
Range= 22 to 1098 
NA 
*All Oxford Scores reported use the 0 to 48 points system where a higher score 
indicates better outcome 
**Excellent Score as described by Kalairajah et al (2005) is >41 points (92) 
*** Note that wait time is from first specialist appointment so does not include time 
waited for specialist referral. This data is not available for private patients. 
 
6.2.2 Six-month	Postoperative	Scores	 	
OKS questionnaires are routinely sent out six months postoperatively by the NZJR to a 
random selection of patients. All patients included in this study have six-month scores 
available. The mean OKS for public patients was 36.55 (SD=8.1) and 40.82 (SD=6.0) 
for the private group of patients (p<0.001). This comparison of scores can bee seen in 
figure 7. 
An assessment of the distribution of the data found that for both public and private 
patients, the six-month postoperative scores showed a heavy negative skew. In order to 
normalise the residuals, a transformation was performed in order to gain a more 
accurate reflection of the relationship between public and private patients. This 
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transformation also allowed a multiple linear regression analysis to be performed. An 
independent samples T-test was run, comparing the transformed scores of public and 
private patients. This showed that private patients had on average a 21.4% better median 
score than public patients (95% CI: 11.8-31.8, p<0.001). 
 





A multiple linear regression model was run in order to determine the difference between 
public and private patients when adjusting for age and gender. This also allowed for 
evaluation of the amount of effect age and gender has on the postoperative OKS. 
When adjusted for age and gender, the difference in median six-month OKS showed 
that private patients achieve median scores 20.4% better than public patients (95% CI: 
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10.6-31.0, p<0.001). This compares to an unadjusted difference of 21.4%. Note that the 
model found that neither age (p=0.506) nor gender (p=0.454) were significant 
predictors of postoperative score. 
 
6.2.4 Six-month	Postoperative	Score	Categories	
Oxford Scores have been grouped into categories in a paper by Kalairajah et al. where a 
score above 41 points is described as excellent, 34 to 41 is good, 27-33 is fair, and 27 is 
poor (92). This method of categorisation can be useful in assessing outcome rather than 
using score alone. The total knee replacement patients included in this study showed 
that those in the private sector had approximately double the rates of patients achieving 
an excellent score while very few private patients had a poor outcome in comparison to 
public patients. For public patients, 27% (n=27, 95% CI 18.8 – 36.4) achieved an 
excellent outcome whereas 54.5% (n=60, 95% CI 45.1 – 63.6) private patients had an 
excellent score. In addition to this, 13% (n=13, 95% CI 6.8 – 20.0) of public patients 
had a poor outcome whilst only 2.7% (n=3, 95% CI 0.0 – 6.3) of private patients had a 


















Each of the twelve questions that make up the OKS Questionnaire were assessed 
individually and compared between public and private patients. Private patients had a 
higher mean score for all twelve questions. When assessing the distribution of scores for 
each individual question, it was found that all questions showed a negative skew for 
both public and private patients. In order to gain an accurate assessment of the 
difference in scores, non-parametric testing was undertaken using the Mann-Whitney U 
test. Scores for nine out of the twelve questions were statistically significantly higher in 
private patients than in public patients when using a significance level of p<0.05. The 
three questions that showed no significant difference in scores between public and 
private patients were question one (p=0.248), question two (p=0.132) and question nine 
(p=0.366). Note that questions one and two are both pain-related questions while 
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question nine refers to joint strength and the susceptibility to “give way”. Significance 
























Table 6: Six-month Oxford Knee Scores for Individual Questions 
Mean and Median 6-Month Oxford Knee Scores for Individual Questions 
	 	 Public	 Private	 Mann-Whitney	U	Test	
Significance	level	
Question	1	 Mean	 2.97 3.14 0.248	
Median	 3	 3	
Question	2	 Mean	 3.51 3.68 0.132	
Median	 4	 4	
Question	3	 Mean	 2.84 3.15 0.022	
Median	 3	 3	
Question	4	 Mean	 1.45 2.36 <0.001	
Median	 1	 3	
Question	5	 Mean	 3.60 3.90 0.001	
Median	 4	 4	
Question	6	 Mean	 3.48 3.75 0.007	
Median	 4	 4	
Question	7	 Mean	 3.00 3.46 <0.001	
Median	 3	 4	
Question	8	 Mean	 3.30 3.59 0.048	
Median	 3	 4	
Question	9	 Mean	 3.53 3.65 0.366	
Median	 4	 4	
Question	10	 Mean	 3.17 3.56 0.002	
Median	 3	 4	
Question	11	 Mean	 2.94 3.47 <0.001	
Median	 3	 4	





Measured from the first specialist appointment, the mean time waited for surgery for 
public patients was 274 days (SD=208) and this ranged from 22 days to 1098 days. 
When comparing the time waited for surgery with six-month postoperative OKS there 
was no significant linear correlation (Pearson’s r=0.052, p=0.610). 
When patients were grouped according to whether surgery was performed within six 
months of first specialist appointment or not, this also did not show a significant 
difference. Patients that had surgery within six months had a slightly better 
postoperative score of 37.11 in comparison to 36.21 in the group that waited longer than 
six months, however this difference was not significant (p=0.580). 
 
6.2.7 Postoperative	Score	versus	Age	
When looking at all patients and their outcomes, there was a slight negative correlation 
between age and six-month postoperative scores where the score decreased with 
increasing age however this was not significant (Pearson’s r=-0.106, p=0.126). Public 
and private patients were then assessed individually however neither group showed any 




to	 this	 there	 was	 only	 limited	 availability	 of	 preoperative	 scores	 in	 their	 paper	
format.	Scores	were	available	for	44	out	of	the	100	public	patients	(44%).	Note that 
preoperative OKS responses are not routinely recorded for private patients. The mean 
preoperative score for public patients was 16.75 (SD=6.1).  
This sub-cohort of patients with preoperative scores available had very similar age and 
sex distributions when compared to the entire public cohort. The mean age for patients 
with pre-operative scores available was 70.2 years (range 52-86) while the mean age for 
the entire public cohort was 70.6 years (range 52-89). The sub-group had 20 males and 
24 females (45.5% male) and this was similar to the entire cohort, which had 44% male. 
Demographic and surgical data can be found in table 7. 
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Table 7: Demographic and basic surgical data for public patient sub-group with 
preoperative score available 
 Public with Pre-op Scores Entire Public Cohort 
Number recruited 44 (44% of total) 100 
Age (SD) 
Mean = 70.2 (9.0) 
Median = 71.5 
Range = 52 – 86 
Mean = 70.6 (8.7) 
Median = 72 
Range = 52 – 89 
Gender (male) 20 (45.5%) 44 (44%) 
Pre-op OKS (SD) Mean = 16.75 (6.1) NA 
6 month Post-op 
OKS (SD) 38.18 (6.0) 36.55 (8.1) 
Surgery Wait 
Time (SD) 
Mean = 235 days (145) 
Range= 22 to 646 
Mean = 274 days (208) 




No significant linear correlation was found when comparing preoperative scores with 
six-month postoperative scores (Pearson’s r= 0.102, p=0.511). This data can be seen in 
figure 9. Pre-operative scores were then divided into quartiles where the first quartile 
had the best 25% of scores (i.e. had the highest 25% of scores). Quartile data was then 
compared with six-month scores to reveal if there was any general trend, and also if 
there was any relationship between preoperative score and the amount of improvement 
in score at six months postoperatively. There was no significant difference between the 
groups for their six-month scores however a slight trend could be seen showing that 
those in the better two quartiles had better postoperative scores than those in the third 
and fourth quartile. A clear trend could be seen for score improvement where those in 
poorer quartiles had a greater improvement in scores. This is expected due to the fact 
that a lower score allows for a greater range of improvement on the 0-48 point scale. 
These data are represented in table 8 and figure 10.  
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Table 8: Oxford Knee Scores based on Preoperative Score Quartiles 








Mean SD Mean SD Mean SD 
1 (best) 23-48 24.60 1.6 38.90 3.6 14.30 3.2 
2 17-22 20.50 1.7 39.10 5.6 18.60 5.7 
3 13-16 14.42 1.2 38.25 5.9 23.83 6.0 
4 (worst) 0-12 9.42 2.4 36.75 8.0 27.33 9.3 
Total  16.75 8.0 38.18 6.0 21.43 8.1 
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The mean time waited for surgery for public patients with preoperative OKS available 
was 235 days (SD=145) and this ranged from 22 days to 646 days. Like the entire 
cohort, there was no correlation between time waited for surgery and six-month 
postoperative score (Pearson’s r=0.060, p=0.699). In addition to this, no significant 
correlation was found when comparing time waited for surgery with the improvement in 
OKS (Pearson’s r=0.088, p=0.572). When patients were grouped according to whether 
surgery was performed within six months or not, there was no significant difference in 
preoperative score, postoperative score or improvement in score. 
 
6.2.11 Multivariate	analysis	of	six-month	postoperative	score:	
In order to evaluate what variables may predict postoperative OKS, a multiple linear 
regression model was run. Predictor variables included in the model were preoperative 
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OKS, time waited for surgery in days, age and gender. Similarly to the multivariate 
analysis for the entire cohort, postoperative data was transformed using the same 
method in order to normalise the residuals. 
The resultant model using these variables showed no statistical significance (p=0.715). 
In addition to this, none of the individual variables in the model were statistically 
significant predictors of six-month OKS. It is clear that more data is required in order to 





Between July 2013 and November 2013, a total of 472 patients had an acute 
orthopaedic procedure performed and this included 507 separate procedures. Twenty-
six patients had two or more surgeries during the same admission. The mean age for this 
cohort was 47.3 years (range 0-90) and included 254 males (53.8%) and 218 females. 
All patients recruited had surgical priority and wait-time available via the theatre 
management system thus 100% met the inclusion criteria. The surgical priority for each 
case is typically assigned by the acute registrars, and each priority level is explained in 
table 9. Other demographic information was not available retrospectively.  
Of the 507 surgical cases reviewed, 169 (33.3%) were performed within the 
recommended timeframe according to their priority grade while 338 were out of time.  
During recruitment of these patients, available demographic and surgical data was 













Table 9: Demographic and basic surgical data: Retrospective Acute Surgery group 
Demographic and Surgical Data 
Number of Patients 472 
Number of Procedures Investigated* 507 
Age – years (SD) 
Mean = 47.33 (25.3) 
Median = 46 
Range = 0 - 98 
Gender (male) n (%) 254 (53.8%) 
Priority of 
Surgery** 
P2 (<1 Hours) n (%) 6 (1.2%) 
P3 (<6 Hours) n (%) 166 (32.7%) 
P4 (<24 Hours) n (%) 321 (63.3%) 
P5 (<72 Hours) n (%) 14 (2.8%) 
Priority 
Success 
In Time n (%) 169 (33.3%) 
Out of Time n (%) 338 (66.7%) 
Operation 
Region 
Upper Limb n (%) 204 (40.2%) 
Lower Limb n (%) 273 (53.8%) 
Spine n (%) 25 (4.9%) 
Multi-Region n (%) 5 (1.0%) 
*26 patients had two or more surgeries during the same admission. **Priority is 
allocated based on the following criteria – P2 organ or limb threatening conditions; P3 




Of the 338 surgical cases that were out of time, 53 (15.7%) of these were delayed due to 
a clinical reason. Eight (2.4%) cases involved patients on warfarin that needed to wait 
for their international normalised ratio (INR) to normalise. 18 (5.3%) cases had 
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clinically important swelling, and 27 (8.0%) cases had some other clinical issue. This 
included anaemia requiring a blood transfusion, lower respiratory tract infections, and 
monitoring of other injuries or comorbidities. In addition to this, 41 out of the 53 cases 
that were delayed due to a clinical reason were procedures involving the lower limb. 
For the remaining 285 cases (84.3%) that were out of time, no reason for delay could be 
found when reviewing emergency department notes, laboratory notes, operation notes, 
and discharge summaries. It is likely that these surgeries were delayed due to a 
logistical reason such as operating theatre availability, surgeon availability, and time of 
day or week. The limitations of this assumption will be discussed later. 
When the 53 cases with a given clinical reason for surgical delay are excluded, the 
percentage for procedures performed in time rises to 37.2% (unadjusted=33.3%) and the 
rate of surgical delay decreases to 62.8% (unadjusted=66.7%).  
 
7.1.3 Surgical	Priority 
Of the 507 surgical cases reviewed, 96% were given the priority grade of P3 (n=166, 
32.7%) or P4 (n=321, 63.3%). Very few cases were given the priority grade P2 (n=6, 
1.2%) or P5 (n=14, 2.8%).  
For those that were given a priority grade P3, only 26.5% of the procedures were 
performed within the six-hour time period. Similarly, for those given a priority P4, only 
35.5% were performed within the twenty-four hour period. When the cases with a 
clinical reason for surgical delay are excluded, the in-time rate for P3 priority was 
28.6% and for P4 priority was 40%. The adjusted data is displayed in figure 10. 
When comparing cases that were in time with those that were not, the mean wait for P3 
cases that were in time was 3.63 (±0.43,) hours while the mean wait time for those that 
were delayed was 21.85 hours or 20.0 (±2.45) hours when cases with clinical reason for 
delay are excluded (p<0.0001). For those with P4 priority, the mean wait-time for cases 
that were in time was 13.53 (±1.32) hours and for those that were delayed 55.22 hours 
or 51.43 (±3.92) hours when cases with clinical reason for delay are excluded 
(p<0.0001). The mean wait-time for P5 cases that were in time was 44.78 (±11.34) 
hours whilst the mean wait-time for those overdue was 128.82 hours or 114.47 (±26.10) 
hours when cases with clinical reason for delay are excluded (p=0.02). Note that due to 
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the limited data, no significant difference in means was seen for the P2 cases (p=0.444). 




Procedures were divided according to the anatomical regions. The categories were 
upper limb, lower limb, spine and multi-region where two or more regions were 
involved. Of the 507 surgical cases included, 204 (40.2%) involved the upper limb, 273 
(53.8%) involved the lower limb, 25 (4.9%) were spine procedures, and 5 (1.0%) 
operations were performed on multiple regions. 
The rate of in-time operations for both upper limb and lower limb procedures was 
similar to the rate for the entire cohort: 32.4% (95% CI 25.9 – 38.9) of upper limb 
procedures and 33.7% (95% CI 28.1 – 39.6) of lower limb procedures. Spinal 
procedures were in time in 44.0% (95% CI 25.0 – 65.4) of cases. None of the five 
multi-region operations were in time however each of these cases had a clinical reason 
explaining the delay. When accounting for clinical reasons for delay, the rate of in-time 
procedures for upper limbs was 33.0% (95% CI 26.2 – 39.7), 39.8% (95% CI 33.7 – 
46.3) for lower limb procedures, and 47.8% (95% CI 26.7 – 69.6) for spinal operations. 
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There was no significant difference between these groups. This adjusted data can be 
seen in figure 11. 
Total time from booking to surgery was also calculated. This data analysis excluded 
those cases that had a clinical reason for operation delay. When compared to the mean 
wait-time for all cases, spinal operations generally had a shorter wait-time, and this was 
most pronounced in the higher acuity (P3) cases, however this was not a significant 
difference. This adjusted data is shown in table 10. 
 
Table 10: Total delay (hours) according to operative region 
Mean Total Surgery Delay (Hours) For Each Operation Region 
Operation Region Priority Code 
In Time (Hours ± 
95% CI) 
Out of Time (Hours 
± 95% CI) 
Upper Limb 
P3 3.85 (±0.62) 19.59 (±2.58) 
P4 13.35 (±1.98) 56.08 (±8.43) 
Lower Limb 
P3 3.44 (0.64) 21.60 (4.25) 
P4 13.79 (±1.58) 48.04 (±3.40) 
Spine 
P3 3.20 (±1.60) 11.08 (±4.04) 
P4 12.29 (±4.97) 52.08 (±15.99) 
Total (adjusted) 
P3 3.63 (±0.43) 20.00 (±2.45) 












The 507 cases were also subdivided further according to the following anatomical areas: 
shoulder, upper arm, forearm, hand, spine, hip, upper leg, knee, leg, ankle, foot and 
multi-region. This was done as particular injuries can often have an impact on surgical 
delay e.g. ankle fracture. The number of procedures and whether they were performed 
in time or not is shown in table 11.  
From the data it can be seen that shoulder, hip, spine and upper leg cases all tended to 
be performed within their priority time limit more often than other procedures. 
Operations on the upper arm, forearm and leg all tended to have lower in-time rates. It 
is however important to acknowledge that 41 of the 53 cases that were excluded 
involved surgery on the lower limb. If these cases were not excluded then the in-time 
rates for lower limb locations would be reduced. Despite the trends seen, there were no 




Table 11: Number of procedures according to anatomical location – adjusted 
Timeliness of Surgery According to Operation Location (Adjusted) 
Operation Location Total No. Of Surgeries – n (%) In Time (95% CI) 
Shoulder 15 (3.3%) 53.3% (26.7 – 78.6) 
Upper Arm 15 (3.3%) 26.7% (6.7 – 50.0) 
Forearm/Wrist 70 (15.4%) 27.1% (17.1 – 38.2) 
Hand 101 (22.2%) 35.6% (26.2 – 45.6) 
Spine 23 (5.1%) 47.8% (26.3 – 68.2) 
Hip 65 (14.3%) 50.8% (38.2 – 62.3) 
Upper Leg 33 (7.3%) 45.5% ( 28.0 – 62.5) 
Knee 31 (6.8%) 38.7% (20.0 – 57.1) 
Leg 44 (9.7%) 27.3% (15.2 – 41.7) 
Ankle 36 (7.9%) 33.3% (17.9 – 48.3) 
Foot 21 (4.6%) 33.3% (13.3 – 55.6) 
Multi-region 0 (0.0%) - 




Data that was collected included the time of day that the cases booked. These times 
were put into hourly groups to evaluate whether the time of booking had any effect on 
the timeliness of the surgery. After data was adjusted for cases with clinical reasons for 
surgical delay, there was no relationship between time of day and timeliness of surgery. 
Cases booked in the early hours of the morning between midnight and 2am had much 
lower rates of being performed in time. When the times were grouped into six-hour 
periods, it showed that surgeries booked in the morning had lower in-time rates than 
those booked in the afternoon and evening. These data are shown in table 12. 
 
	 73	
Table 12: Time of surgery booking and timeliness of surgery – Adjusted for medically 
explained delay 
Surgical Timeliness According to Time of Surgery Booking (Adjusted) 
Booking Time Total Number of Procedures – n (%) In Time (95% CI) 
0:00-5:59 30 (6.6%) 30.0% (14.3 – 48.0) 
6:00-11:59 110 (24.2%) 35.5% (27.0 – 44.0) 
12:00-17:59 168 (37.0%) 38.1% (31.3 – 45.2) 
18:00-23:59 146 (32.2%) 39.0% (30.8 – 47.6) 
Total 454 (100.0%) 37.2% (32.8 – 41.8) 
 
 
It is also important to consider the timeframe in which an operation that is booked can 
be performed in time. For example a P3 priority case booked at 11pm would need to be 
performed by 5am the following morning to be in time. Thus the relationship between 
booking time and in-time success rates will vary between priority levels. 
When evaluating P3 priority cases alone, procedures booked between 6pm and 6am had 
noticeably lower in-time rates than surgeries booked during the day. No relationship 
was observed when evaluating P4 priority cases. Cases booked in the evening between 
6pm and 12am had the highest in-time rates but this was not significant. Data for P3 and 








Table 13: Time of surgery booking and timeliness of surgery for P3 and P4 cases– 
Adjusted for medically explained delay 






– n (%) 





– n (%) 
P4 Cases In 
Time (95% CI) 
0:00-5:59 8 (5.2%) 0.0% (NA) 21 (7.3%) 38.1% (18.2 – 60.0) 
6:00-11:59 31 (20.3%) 32.3% (16.2 – 50.0) 74 (25.9%) 
32.4% (21.9 – 
43.4) 
12:00-17:59 70 (45.8%) 37.1% (25.0 – 48.8) 92 (32.2%) 
38.0% (29.3 – 
48.5) 
18:00-23:59 44 (28.8%) 18.2% (8.3 – 30.2) 99 (34.6%) 47.5% (37.4 – 57.4) 
Total 153 (100%) 28.6% (21.7 – 36.4) 286 (100%) 
40.0% (34.2 – 
45.3) 
 
In terms of the actual time waited for surgery, this did not vary significantly over a 24-
















The relationship between days of week operation was booked and timeliness was also 
assessed. The number of cases booked each day was relatively even among the seven 
days with Monday having a slightly higher rate at 17.0% (n=86). This pattern was 
maintained when procedures delayed due to clinical reasons were excluded. 
When looking at both unadjusted and adjusted sets of data, the rates of cases performed 
in time were higher from Monday to Thursday where rates varied from 43.1% to 51.8% 
for adjusted data. Fridays had slightly lower in-time rates however Saturdays showed 
significantly lower rates than cases booked on Monday to Thursday. Cases booked on 
Saturdays had the poorest in-time rate at 14.9% for cases excluding those delayed due 
to clinical reasons. These data are shown in table 14 and figure 13. The number of cases 
performed on each day of the week is also shown as a reference in table 15. 
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Table 14: Day of surgery booking and timeliness of surgery– Adjusted for clinically 
explained delay 
Surgical Timeliness According to Day of Surgery Booking (Adjusted) 
Day of Booking Total Number of Procedures Booked – n (%) In Time (95% CI) 
Monday 77 (17.0%) 50.6% (39.0 – 61.8) 
Tuesday 51 (11.2%) 43.1% (28.9 – 57.4) 
Wednesday 70 (15.4%) 45.7% (32.9 – 56.9) 
Thursday 56 (12.3%) 51.8% (39.3 – 66.0) 
Friday 65 (14.3%) 32.3% (20.3 – 44.3) 
Saturday 67 (14.8%) 14.9% (6.7 – 24.6) 
Sunday 68 (15.0%) 23.5% (13.6 – 33.9) 
Total 454 37.2% (32.8 – 41.8) 
	
Table 15: Number of surgeries performed on each day of the week 
Number of Procedures by Day of Week 
Day of Surgery Total Number of Procedures – n (%) 
Monday 98 (21.6%) 
Tuesday 68 (15.0%) 
Wednesday 78 (17.2%) 
Thursday 67 (14.8%) 
Friday 57 (12.6%) 
Saturday 48 (10.6%) 




Figure 13: Timeliness of Surgery According to Day of Booking (Adjusted) 
 
 
When taking priority into consideration, P4 surgeries booked on Friday, Saturday and 
Sunday had considerably lower in-time rates, where surgeries booked on Saturday and 
Sunday were significantly lower. P3 cases had better rates on Firdays and Saturdays 
where rates on Saturdays were significantly higher than P4 cases. Interestingly, the in-
time rates for P3 cases booked on a Tuesday were also extremely low. These trends 








Table 16: Surgical timeliness, priority and surgical booking day of week 
Surgical Timeliness According to Day of Surgery Booking and Priority 
Book Day Priority Code In Time (95% CI) 
Monday 
P3 42.9% (25.0 – 60.7) 
P4 54.2% (38.5 – 69.6) 
Tuesday 
P3 7.7% (0.0 – 27.3) 
P4 46.9% (30.0 – 65.4) 
Wednesday 
P3 35.0% (13.7 – 56.5) 
P4 52.1% (38.5 – 66.7) 
Thursday 
P3 33.3% (13.3 – 55.6) 
P4 62.9% (46.9 – 78.9) 
Friday 
P3 40.9% (20.0 – 63.2) 
P4 26.2% (13.5 – 40.8) 
Saturday 
P3 30.0% (11.8 – 51.7) 
P4 2.4% (0.0 – 7.5) 
Sunday 
P3 6.9% (0.0 – 17.4) 




While postoperative length of stay may be determined by multiple factors, the length of 
preoperative stay can primarily be attributed to the length of time waited for surgery 
given that there are no clinical reasons for surgical delay. In order to investigate the 
impact of surgical delay on length of hospital stay, we calculated the difference between 
ideal and actual time waited. In doing so, we were able to identify those cases that had 
to spend an extra night or nights in hospital waiting for surgery due to surgical delay. 
An example of this would be if a P4 patient was booked on a Tuesday at 9am, and 
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didn’t have their surgery until Thursday at 11am, then this was recorded as one extra 
night spent in hospital while waiting for surgery. If the surgery was delayed, but carried 
on the same day it was due, then this was deemed as no extra night in hospital.  
For the 338 surgical cases that were delayed, there was a total of 345 extra nights spent 
in hospital while waiting. However when cases that were delayed due to a clinical 
reason were excluded, the remaining 285 cases had a total of 243 extra nights spent in 
hospital or 0.85 extra nights per patient. It is also important to note, that 19 of these 
surgical cases were discharged and then re-admitted later when a time for their surgery 
was expected to become available. This saved a total of 26 extra nights spent in 
hospital. Of these 19 patients, eight were discharged due to their surgery being booked 
during a weekend. Note that all patients that were discharged and re-admitted were 
either P4 or P5 priority cases.  
The average cost on one inpatient day at Dunedin Hospital is approximately $600. Thus 
the 243 extra nights that patients stayed in hospital due to surgical delay would have 
come at a cost of approximately $145,800. This can be equated to approximately $510 
per patient that had their surgery delayed due to a logistical reason. Discharging non-
urgent patients and re-admitting them at a later time when theatre time was more likely 







Between April 2013 and August 2013, a total of fifty-nine potential participants were 
approached. Of these, forty-seven met inclusion criteria and completed the 
questionnaire. Of the twelve that were excluded, six (50%) had mental or cognitive 
impairment, two did not speak English (16.7%), two declined inclusion in the study 
(16.7%), one had had multiple prior surgeries during the same admission (8.3%) and 
one had medical complications that affected their surgical course (8.3%). 
For the forty-seven patients that were included in the study, the mean age was 48.7 
years (range 16-85) and this included 24 males (51.1%) and 23 females. Ethnicity 
information was also collected at the time of the questionnaire. Thirty-nine (83.0%) 
identified as New Zealand European, four (8.5%) identified as Maori, one (2.1%) 
identified as Pacific Islander (Tongan), and three (6.4%) identified as ‘Other’. 















Table 17: Demographic and basic surgical data: Prospective Patient Questionnaire 
Group 
Demographic and Surgical Data 
Number of Patients 47 
Age – years (SD) 
Mean = 47.74 (21.38) 
Median = 51 
Range = 16 - 85 
Gender (male) n (%) 24 (51.1%) 
Ethnicity 
NZ European n (%) 39 (83.0%) 
Maori n (%) 4 (8.5%) 
Pacific Island n (%) 1 (2.1%) 
Other n (%) 3 (6.4%) 
Priority of 
Surgery 
P2 (<1 Hours) n (%) 1 (2.1%) 
P3 (<6 Hours) n (%) 5 (10.6%) 
P4 (<24 Hours) n (%) 34 (72.3%) 
P5 (<72 Hours) n (%) 7 (14.9%) 
Timeliness 
In Time n (%) 29 (61.7%) 
Out of Time n (%) 18 (38.3%) 
Operation 
Region 
Upper Limb n (%) 16 (34.0%) 
Lower Limb n (%) 29 (61.7%) 
Spine n (%) 1 (2.1%) 





Participants were asked to report how long they waited to have surgery from the time 
the decision to have surgery was made (i.e. approximate booking time) until the actual 
time of surgery. Of the forty-seven participants, four (8.5%) could not recall how long 
they waited for surgery so did not answer this question. Six (14.0%) of the forty-three 
participants who answered this question under-estimated the length of time they waited 
for surgery. Six (14.0%) of the participants managed to correctly estimate the time 
waited for surgery to within an hour of the actual time waited. The remaining thirty-one 
(72.1%) participants over-estimated the time waited for surgery by greater than an hour. 
This may reflect a misinterpretation of the question, however provides an insight into 
the subjective perspective of how long the patients felt they were waiting. Four of the 
participants grossly overestimated the time they waited for surgery by a number of days. 
Two of these overestimated as they reported time from admission to the time of surgery 
whereas the surgery was not booked until a number of days into their admission. The 
other two reported the approximate time from their injury rather than from when they 
were seen in hospital. The remaining 27 patients that overestimated the time waited for 
surgery overestimated by a range of two hours up to 34 hours. 
 An overview of the data shows that the average time from surgical booking to time of 
surgery was 34.01 (SD=32.9) hours for all cases and priorities. The average self-
reported time however was 38.96 (SD=37.7) hours after excluding the four participants 
that misunderstood the question and grossly over-estimated the time waited. When 
comparing those whose surgery was in time with those that were delayed, there was no 




surgery	 was	 acceptable	 while	 six	 (12.8%)	 reported	 that	 the	 time	 waited	 was	
unacceptable.	 Of	 the	 six	 that	 found	 the	 surgical	 wait-time	 unacceptable,	 four	
(66.7%)	had	their	surgery	delayed.	In	addition	to	this,	of	the	41	that	stated	the	wait	
was	acceptable,	27	 (65.9%)	had	 their	 surgery	performed	 in	 time.	Analysis	of	 the	
responses	given	also	found	that	the	majority	of	participants	were	understanding	of	
the	 logistics	behind	why	they	had	to	wait	 for	surgery	and	were	accepting	of	 this.	
However	many	were	 still	 displeased	 by	 the	 length	 of	 time	 they	 had	 to	 wait	 for	
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Patients were asked to rank their satisfaction regarding the time waited for surgery on a 
five-point scale where a score of one indicated that they were very dissatisfied, three 
indicated neither satisfied nor dissatisfied, and five indicated very satisfied. Those 
whose surgery was in time tended to report higher satisfaction levels with only one out 
of the 29 cases that were in time reporting dissatisfaction with the time waited for 
surgery. In addition to this, 75.9% of participants whose surgery was in time reported 
being satisfied or very satisfied with the time waited. For those whose surgery was 
delayed, only 50% reported being satisfied or very satisfied while 5 out of the 18 
participants  (27.8%) reported being dissatisfied or very dissatisfied.  This data is shown 
in table 18.  
In addition to this, another factor that was considered was whether the surgery was 
performed on the same day it was due. This means that for some cases in which surgery 
was delayed, surgery was still performed on the same day, only a matter of hours late. 
Those that had their surgery on the same day as it was due showed much higher 
satisfaction levels while those that had to wait an extra day or more showed higher 
levels of dissatisfaction. Of the five participants that had their surgery delayed and 
reported dissatisfaction with the wait-time, all had their surgery a day or more later than 
what it was booked for. In addition to this, of the six participants who had their surgery 
delayed and reported being very satisfied with the wait-time, 50% of these had their 
surgery on the same day as it was due. This is shown in table 19. 
When satisfaction was compared with self-reported changes in pain levels while waiting 
for surgery, there was no relationship between pain getting worse, and dissatisfaction 
(Spearman’s rho=0.032, p=0.832). However patients that reported that their pain levels 
got better while waiting for surgery were more likely to be very satisfied with the time 




Table 18: Surgical Wait-Time satisfaction and surgery timeliness 
Surgical Wait-Time Satisfaction and Surgical Timeliness 
Response In Time  - n (%) Out of Time - n (%) Total - n (%) 
1 – Very dissatisfied 0 (0.0%) 2 (11.1%) 2 (4.3%) 
2 – Dissatisfied 1 (3.4%) 3 (16.7%) 4 (8.5%) 
3 – Neither satisfied 
nor dissatisfied 6 (20.7%) 4 (22.2%) 10 (21.3%) 
4 - Satisfied 8 (27.6%) 3 (16.7%) 11 (23.4%) 
5 – Very Satisfied 14 (48.3%) 6 (33.3%) 20 (42.6%) 
	
Table 19: Surgical Wait-Time satisfaction and surgery due date 
Surgical Wait-Time Satisfaction and Operation on Due Date 
Response On same day - n (%) 
On a later day - n 
(%) Total - n (%) 
1 – Very dissatisfied 0 (0.0%) 2 (15.4%) 2 (4.3%) 
2 – Dissatisfied 1 (2.9%) 3 (23.1%) 4 (8.5%) 
3 – Neither satisfied 
nor dissatisfied 8 (23.5%) 2 (15.4%) 10 (21.3%) 
4 - Satisfied 8 (23.5%) 3 (23.1%) 11 (23.4%) 




Of the forty-seven participants, twelve (25.5%) reported that the time they waited for 
surgery was longer than expected, eleven (23.4%) reported that it was shorter than 
expected and 24 (51.1%) reported that the time they waited was roughly what they were 
expecting. When comparing those whose surgery was in time with those that was 
delayed, a much larger proportion of patients thought that the time waited was shorter 
than expected when their surgery was in time. In addition to this, those that had their 
surgery delayed were more likely to think that the time waited for surgery was longer 
than expected. This is shown in figure 14. 
	






Patients were asked if their pain levels got better or worse while waiting for surgery. 
Twenty-eight (59.6%) of the forty-seven participants reported no change in pain levels 
while eight (17.0%) reported an increase in pain while waiting and eleven (23.4%) 
stated that their pain levels were well managed and decreased while waiting for surgery. 
This is shown in table 20.  
No relationship was found between changes in pain levels and the time waited for 
surgery (Spearman’s rho=-0.039, p=0.793), however a greater proportion of those who 
reported that their pain levels got better had their surgery performed in time. 
	
Table 20: Changes in pain levels and surgical timeliness 
Changes in Pain Levels and Surgical Timeliness 
Response In Time - n (%) 
Out of Time - n 
(%) 
Total - n (%) 
1 – Pain increased a lot 0 (0.0%) 1 (5.6%) 1 (2.1%) 
2 – Pain increased 4 (13.8%) 3 (16.7%) 7 (14.9%) 
3 – No change in pain 15 (51.7%) 13 (72.2%) 28 (59.6%) 
4 – Pain decreased 8 (27.6%) 0 (0.0%) 8 (17.0%) 
5 – Pain decreased a lot 2 (6.9%) 1 (5.6%) 3 (6.4%) 
	
7.2.7 Mental	State	While	Waiting	for	Surgery	
Participants were asked if their overall mood or “level of happiness” changed while 
waiting for surgery. While most participants reported no changes in mood (n=28, 
59.6%), fourteen participants (29.8%) also reported that their mood became worse while 
waiting for surgery. Only five (10.6%) of the forty-seven participants reported an 
improvement in their overall mood while waiting for surgery. 
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When comparing changes in overall mood with other factors, changes in pain levels did 
not show any relationship with change in mood (Spearman’s rho=-0.061, p=0.686). The 
time waited for surgery showed a weak relationship with change in mood where 
increased time spent waiting for surgery was related with worsening of mood 
(Spearman’s rho=-0.326, p=0.025). In addition to this, whether the surgery was 
performed in time or not also influenced changes in overall mood. This is shown in 
table 21. All patients that reported an improvement in overall mood had their surgery 
performed on time. Similarly, of the eighteen participants whose surgery was delayed, 
nine (50%) reported a worsening in their overall mood. This raises the hypothesis that 
mood while waiting may be related to the time that surgery is expected to happen. 
When surgery happens earlier than expected, there is an improvement in mood and visa 
versa when surgery is delayed. This idea is reflected when comparing changes in mood 
with expectations of surgical wait time. For those that reported an improvement in 
overall mood, 60% also reported that the time they waited for surgery was shorter than 
expected. This relationship is shown in table 22. 
Participants were also directly asked whether they thought the time waited for surgery 
had a direct influence on their mental wellbeing. Nine (19.1%) stated that the time spent 
waiting did have a negative impact on their mental wellbeing and only one participant 
(2.1%) thought that the wait had a positive effect. The remaining 37 (78.7%) stated that 
the time spent waiting for surgery had no impact on their mental wellbeing. 
Opportunistic analysis of the descriptive responses given during the survey found that a 
significant number of patients experienced frustration while waiting for surgery. 
However this frustration was directed inwards regarding their injury, rather than 
towards medical staff or the fact that they were waiting. Another theme that arose was 
that being unable to eat prior to surgery also had impact on mood, especially when 
surgery did not happen the same day meaning patients were only able to eat a late 






Table 21: Changes in overall mood and surgical timeliness 
Changes in Overall Mood and Surgical Timeliness 
Response In Time - n (%) 
Out of Time - n 
(%) 
Total - n (%) 
1 – Became a lot worse 0 (0.0%) 3 (16.7%) 3 (6.4%) 
2 – Became worse 5 (17.2%) 6 (33.3%) 11 (23.4%) 
3 – No change mood 19 (65.5%) 9 (50.0%) 28 (59.6%) 
4 – Mood improved 4 (13.8%) 0 (0.0%) 4 (8.5%) 
5 – Mood improved a lot 1 (3.4%) 0 (0.0%) 1 (2.1%) 
	
Table 22: Changes in overall mood and wait-time expectation 
Changes in Overall Mood and Wait-time Expectation 
Response 
Longer than 
expected - n (%) 
As expected - n 
(%) 
Shorter than 
Expected - n 
(%) 
1 – Became a lot worse 2 (16.7%) 1 (4.2%) 0 (0.0%) 
2 – Became worse 3 (25.0%) 5 (20.8%) 3 (27.3%) 
3 – No change mood 6 (50.0%) 17 (70.8%) 5 (45.5%) 
4 – Mood improved 1 (8.3%) 1 (4.2%) 2 (18.2%) 





When asked if the time waited for surgery had an impact on their medical condition, 43 
out of the 47 participants (91.5%) believed that extended time waiting for surgery did 
not impact their medical state. Only three (6.4%) believed that it had a negative impact 




Another aspect that patients were asked about was their satisfaction regarding the 
communication they received from medical staff about when their surgery was going to 
happen, and why it might be delayed.  Of the forty-seven participants, thirty-eight 
(80.9%) were satisfied or very satisfied with the communication they received from the 
doctors and nurses caring for them. Only five (10.6%) reported dissatisfaction with the 
communication they received and all of these participants had their surgery delayed. 
Four (8.5%) were neither satisfied nor dissatisfied with the communication they 
received.  
When comparing communication satisfaction with surgical wait-time satisfaction, it was 
found that greater satisfaction with communication was associated with greater 
satisfaction with the time waited for surgery (Spearman’s rho=0.506, p<0.001).  
	
7.2.10 Surgical	Delay	and	Personal	Consequences	
Participants were questioned about whether the time spent waiting for surgery had any 
consequences on their day-to-day lives. While the injury itself had direct consequences, 
many participants also reported that the time spent waiting for surgery added an 
additional impact. 34.0% (n=16) of participants had to take additional time off work or 
school with 10.6% (n=5) also missing some other form of income or employment 
opportunity. Fourteen of the participants (29.8%) missed an appointment or meeting, 
eight (17.0%) had to arrange care for dependents, and eleven (23.4%) missed some sort 
of other significant event including sport, social, family and other events. Twenty-three 
(48.9%) stated that the wait for surgery did not have an impact on day-to-day living 
where many of these stated that they would have missed events and taken time off work 
regardless of the wait-time due to their injury. It is important to note that of the twenty-
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three participants that stated there was no personal consequence, nine of these (39.1%) 






There are only four previous studies comparing public and private health services 
regarding surgical waiting time and outcome for total hip and knee replacements: Adie 
et al. (51), Field et al. (52), Hajat et al. (40) and Lingard et al. (53). The results in our 




Both public and private groups showed similar demographic statistics for age and 
gender. The private group did have a slightly lower mean age (66.8 years versus 68.2 
years) and also had a slightly larger proportion of males (53.7% versus 41.7%). When 
comparing to statistics from the New Zealand Joint Registry (NZJR), between January 
1999 and December 2012, the average age of all patients undergoing total hip 
replacement surgery was 66.86 years (12). The proportion of males and females showed 
that 47.33% were male (12). Thus the age of participants included in this study is 
comparable to the average age of all patients undergoing hip arthroplasty in New 
Zealand and is also comparable to the other studies (40, 51, 52). The difference in age 
seen between public and private groups is also reflected in the study by Field et al., 
which found that the mean age of public patients was three years older than private 
patients (68.39 years versus 65.35 years) (52). 
 
The public group showed a lower proportion of males and the private group showed a 
higher proportion of males when compared to NZJR averages. This could be partially 
explained by the rates of private health insurance cover in males versus females. Data 
from the 2006/07 New Zealand Health Survey shows that males have higher rates of 
private health insurance cover than females from the age 45 and up, with the greatest 
differences seen in the 65 and over age groups (93). As a greater proportion of males 
have private health insurance, this could partially explain the higher proportion of males 
seen in the private group in this study. Other baseline demographic and socioeconomic 
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statistics could not be obtained due to the retrospective nature of this study. The 
limitations of this will be explained later. However a report by L. Blumberg compared 
the demographic statistics of people with private health insurance with those who have 
no health insurance (94). The report found that those that have private health insurance 
tend to have higher education levels, significantly higher income, are more likely to be 
employed, and are less likely to be of Maori or Pacific Island ethnicity (94). This 
provides some scope to estimate other demographic differences that may have been 
seen between the public and private groups. 
 
A comparison of six month Oxford Hip Scores revealed that on average, private patients 
achieved a mean score of 41.74 (SD=5.7) compared to 37.94 (SD=9.1) in public 
patients. This shows a significant difference of 3.8-points between public and private 
patients (p<0.0001). The average six-month score for all patients between January 1999 
and December 2012 reported by the NZJR was 40.59 points (SD=7.44) (12). Thus it is 
clear that on average, private patients achieve better postoperative outcomes than public 
patients. During analysis of the data, it was found that six-month scores showed a 
significant negative skew, as a high proportion of patients achieved higher scores. A 
statistical transformation was performed to shift residuals towards a more normal 
distribution. After transformation, an independent samples T-test revealed that the 
median score for private patients was 17.0% higher than the median score for public 
patients (p<0.0001). When this difference was adjusted for age and gender, the 
difference persisted where private patients had a median score 15.6% higher than public 
patients (p=0.001). This difference in postoperative scores supports findings by Field et 
al. and Hajat et al. where both studies found that patients undergoing surgery in the 
private sector achieve better postoperative scores than those in the public sector (40, 
52). The scores in our study almost mirror the scores obtained by Hajat et al. where the 
twelve-month postoperative scores were 41.7 for private patients and 37.6 for public 
patients (40). However our findings contradict those reported by Adie et al. that found 
no significant difference between public and private patients at six and twelve months 
postoperatively (51). 
 
When adjusting for age and gender, we found that gender was not a significant predictor 
of postoperative Oxford Hip Score (p=0.368). This contradicts findings of Field et al. 
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that stated that men scored significantly better than women at one and two years 
postoperatively (52). Despite this, the higher proportion of men in the private group in 
our study did not have any effect on the variance seen between public and private 
patients. Age did show an effect on postoperative score where the median score 
decreased by 0.50% per year of increasing age. Given the slight difference in ages of 
public and private groups, this explains a very small amount of the difference in 
postoperative scores.  
 
Kalairajah et al. developed scoring categories for the Oxford Hip Score (OHS) for easy 
analysis of outcome (92). When the scores from this study were put into these 
categories, private patients had higher excellent outcomes with 60.3% achieving 
excellent scores in comparison to 47.7% of public patients, however this difference was 
not significant. In addition to this, 12.9% of public patients had a poor outcome whilst 
only 2.5% of private patients had a poor outcome, a significant difference. These 
findings show that along with achieving higher mean scores, private patients also have a 
lower proportion of patients achieving scores in the lowest category. Public patients are 
more distributed towards achieving “good” scores rather than “excellent” scores and are 
at greater risk of having a poor outcome. None of the previous studies have analysed 
data in this way so this is the first look at the impact of public or private healthcare on 
the probability of achieving excellent outcomes. Data from the NZJR shows that at six 
months postoperatively, 57.4% of patients achieve an “excellent” score, and 6.0% 
achieve a “poor” score (12). The findings from this study suggest that when compared 
to the average of all hip replacements performed in New Zealand, private patients may 
be more likely to achieve excellent outcomes, and public patients are more likely to 
have poor outcomes. 
 
In terms of the clinical significance of these findings, it is important to consider if the 
difference seen between public and private groups achieves a minimal clinically 
important difference (MCID). This can be described as the minimal change in OHS that 
a patient would perceive as meaningful and would cause clinicians to consider a change 
in management (95). Previous reports have shown that MCID for the OHS is expected 
to be between 3 and 5 points (88, 96). The results produced in our study found that 
private patients on average achieved scores 3.8 points higher than public patients, a 
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difference which is within the range of MCID. The most recent piece of evidence 
produced by Bear et. al however suggests that the MCID is closer to 5 points. This 
suggests that private patients do not attain clinically meaningful better outcomes than 
public patients.  
 
A comparison of scores reported for each individual question found that private patients 
reported higher scores for all questions with the exception of questions eight and twelve 
not showing a statistically significant difference between the two groups. Question 
twelve asks how much the patient is troubled by pain in their operated hip while in bed 
at night, and question eight asks how much pain there is in their hip when standing up 
after being seated for a period of time (see appendix 3). Given that these are two pain-
related questions, this suggests that the difference in pain levels postoperatively 
between public and private patients may not be as significant as the difference in 
functional levels. All questions relating to function showed private patients achieving 
statistically significant higher scores. Previous studies have shown that total hip 
replacement is primarily a treatment for pain rather than function and that worse 
preoperative function is related to worse postoperative function (6, 7, 40, 44). Thus if 
private patients have better preoperative function, it is expected that they will achieve 
better postoperative outcomes, but pain levels between the two groups may not show a 
significant difference. Unfortunately due to the retrospective nature of this study, 
preoperative data was not available for private patients so a baseline comparison of 
functional status could not be made. However all of the previous studies investigating 
differences between public and private patients have shown that private patients have 
better preoperative scores than public patients, with a difference in scores of 
approximately four points (40, 51, 52). Thus a major assumption that can be made in the 
interpretation of these results is that better preoperative scores are likely to explain the 
better postoperative scores seen in private patients.  
 
Having a better OHS prior to surgery suggests that the patient has experienced less 
deterioration through the natural course of their illness. Thus a key hypothesis of our 
study is that extended time waited for surgery leads to greater joint deterioration, a 
reduction in preoperative scores and thus a reduction in postoperative outcomes. Due to 
the retrospective nature of this study and limited data available for the private group, 
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time waited for surgery could only be obtained for the public group. The mean time 
waited for surgery was 243 days (SD=191, range 21-1183). This time was measured 
from the date of first specialist appointment, to the date of surgery. Thus for those 
patients that were not entered on to the waiting list after their first appointment and were 
put on active review, the time spent waiting for surgery included the time spent on 
active review as well as time spent on the waiting list. This method differs from those 
reported in other studies where the time spent waiting was measured from the date the 
patient was entered on the waiting list (6, 7, 9, 42, 44, 46-49). Garbuz et al. used the 
same method as our study where time waited was taken from first specialist referral (8) 
and Hajat et al. used self-reported waiting time so this included self-reported times since 
first specialist appointment (40).  
 
When comparing the time waited for surgery with postoperative outcome in this study, 
no significant linear correlation was found that showed that longer time waiting for 
surgery leads to poorer outcomes (Pearson’s r=-0.127, p=0.145). However when 
patients were grouped according to whether they had surgery within six months of first 
specialist appointment or not, this did identify a more noteable trend. 44.7% (n=59) of 
public patients had surgery within six months and this group that had surgery earlier 
achieved a mean postoperative OHS of 39.47. The group that had surgery later achieved 
a mean score of 36.70. This difference was not shown to be statistically significant 
(p=0.077) however greater numbers of participants may have produced a significant 
result. Despite this, our results show a general trend that was also reported in other 
studies evaluating the impact of waiting time where waiting longer than six months 
leads to poorer postoperative outcomes (6-9, 40). However it is important to point out 
the fact that the difference in calculating the time waited for surgery may have 
influenced this relationship. Thus our results may be compared to Garbuz et al. and 
Hajat et al. whereas comparisons made to other studies regarding time waited for 
surgery should not be treated with the same significance (8, 40). Despite this, a key aim 
of this study was to investigate the impact of waiting on surgery on the individual 
patient. In light of this, a key consideration we made was that the time patients wait to 
see the surgeon is effectively part of the time waiting for surgery. 
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While the trend identified was not significant, it did hint that those patients that waited 
longer than six months for surgery showed poorer postoperative outcomes. This may 
also explain some of the difference seen between public and private patients. Private 
patients inherently have shorter waiting times for surgery. This data was not available in 
this study so a survey of consultants that perform total hip replacement in the private 
sector was performed. Five out of the eight consultants that perform hip replacement 
surgery in the private sector in Dunedin responded. Responses show that an 
approximate time waited for surgery for private patients is two to three months, with the 
minimum time waited being approximately six weeks from first specialist appointment. 
These findings reflect those of Lingard et al., which showed that private patients wait 2-
12 weeks for surgery (53). Compared to the mean waiting time of 243 days (eight 
months) for public patients, private patients wait significantly less time for surgery. This 
provides a key indicator of the difference in postoperative outcomes between the two 
groups. 
 
Preoperative scores were only available for a small subset of the public group (n=48). 
The mean preoperative score for this group was 16.35, which is similar to the scores 
reported by Hajat et al. and Adie et al. (40, 51) As was discussed earlier, previous 
literature has shown that private patients tend to have better preoperative scores (40, 51, 
52). The results from the subset of public patients with preoperative scores did not show 
a significant linear correlation where preoperative scores predicted postoperative score 
(Pearson’s r=0.165, p=0.297). In addition to this, when scores were separated into 
quartiles, there was still no relationship that indicated worse preoperative scores predict 
worse postoperative outcomes, nor were they associated with changes in score. Thus 
these results are conflicting with results previously obtained in other studies (6, 7, 40, 
44). However the numbers available for this part of the study make the interpretation of 
these results very limited. It is difficult to say whether a difference in preoperative 
scores could have explained the difference seen between the public and private groups. 
A key factor to consider however is the amount of improvement in score achieved by 
this group. When comparing the improvement in score, with the time waited for 
surgery, those that waited less than six months for surgery had a mean improvement in 
score of 26.70 points whereas the group that waited longer only improved by 19.68 
points (p=0.033). Again these results suggest that the difference seen between public 
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and private patients may be attributed to the plausible difference in time spent waiting 
for surgery and the impact this has on functional improvement following surgery. 
 
A clear difference can be seen between public and private patients when assessing their 
postoperative OHS. While a small amount of this difference was explained by age, a 
factor that likely influenced the variance in outcomes was the time waited for surgery. It 
is also important to note that various other socioeconomic and demographic factors 
would also influence the variance seen between the two groups. Previous evidence 
suggests that more deprived patients tend to have surgery performed at a later stage in 
the course of their disease, have poorer postoperative Oxford Scores, and poorer 
improvement in scores (97, 98). Thus this could also be a significant determinant for the 
difference seen between public and private patients. 
 
8.1.3 Total	Knee	Replacement	Group	Interpretation	
Similarly to the hip replacement group, the public and private patient groups for knee 
replacement showed similar demographic statistics for age and gender. The private 
group was again slightly younger on average (67.9 years versus 70.6 years) and had a 
higher proportion of males (55.5% versus 44.0%). Data from the NZJR revealed that 
between January 1999 and December 2012, the average age of all patients undergoing 
total knee replacement surgery was 68.40 years (12). Males made up 48.21% of all 
patients receiving this surgery (12). Thus the age of participants in this study is 
comparable to national averages and the difference between public and private groups is 
comparable to previous literature (51).  
 
The public group showed a lower proportion of males and the private group showed a 
higher proportion of males in comparison to the overall average rates reported by the 
NZJR. Again this could be partially explained by the rates of private health insurance 
cover in males versus females. The 2006/07 New Zealand Health Survey found that 
males have higher rates of private health insurance cover than females from the age of 
45 onwards (93). This provides some explanation as to why the public group has a 
higher proportion of females and why the private group has a higher proportion of 
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males. No other demographic or socioeconomic statistics could be gathered due to the 
retrospective nature of the study and limited data available. Findings from L. Blumberg 
can be acknowledged when comparing public and private groups as this report showed 
that people with private health insurance tend to have higher education levels, 
significantly higher income, are more likely to be employed, and are less likely to be of 
Maori or Pacific Island ethnicity (94). 
 
A comparison of the six-month postoperative Oxford Knee Scores (OKS) found that the 
private group achieved greater postoperative scores with a mean of 40.82 (SD=6.0) 
points in comparison to the public group mean of 36.55 (SD=8.1) points. This 
difference of 4.27 points was statistically significant (p<0.0001). The average six-month 
score for knee replacements between January 1999 and December 2012 reported by the 
NZJR was 37.32 (SD=8.14) (12). Thus it is clear that private patients achieve better 
postoperative outcomes than public patients and above the expected national average. 
As the range of scores for both public and private scores showed a significant negative 
skew, a statistical transformation was performed in order to normalise residuals. 
Interpretation of the transformed data revealed that private patients achieve a median 
score that is 21.4% better than the median score of public patients (p<0.001). After 
adjustment for age and gender, this difference persisted at 20.4% (p<0.001). This 
difference between public and private patients reflects findings from Hajat et al. and 
Field et al., however these studies were based on hip replacement patients only (40, 52). 
Adie et al. also compared public and private patients undergoing total knee replacement 
however found no significant difference between the groups based on post-operative 
outcome (51). Thus this is the first study that has identified a difference in postoperative 
outcome between public and private patients for total knee replacement surgery. 
 
Adjustment for age and gender using multiple regression analysis found that neither age 
(p=0.506) nor gender (p=0.454) were significant predictors of the difference in 
postoperative scores. These findings conflict with previous literature that has shown that 
men tend to achieve higher scores (41, 97), and patients under the age of 60 tend to 
achieve lower scores (41).  
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Using the score categories developed by Kalairajah et al. (92), private patients had 
significantly higher rates of “excellent” outcomes with 54.5% achieving an excellent 
score in comparison to 27.0% of public patients. Furthermore, only 2.7% of private 
patients had a “poor” postoperative score whereas 13.0% of public patients had a “poor” 
score. Note that this difference may be partially explained by priavte patients having 
higher preoperative scores. This shows that private patients tend to have better 
postoperative outcomes with a greater proportion of patients achieving outcomes in the 
highest category. Public patients tend to achieve “good” outcomes and have higher rates 
of poor outcomes. The use of these scoring categories has not been used in any of the 
previous literature comparing public and private patients. NZJR data shows that 37.4% 
of patients have an “excellent” OKS six months after their operation and 11.4% have a 
“poor” score (12). This shows that in comparison to the national average, private 
patients are much more likely to achieve excellent outcomes, and public patients have 
higher rates of poor outcomes.  
 
The clinical significance of these findings must also be considered. Beard et al. found 
that the MCID for the OKS is approximately 4 points (96). The results produced in this 
study found that on average, private patients achieved scores 4.3 points higher than 
public patients, thus indicating a clinically important difference. From this it can be 
concluded that private patients attain clinically meaningful better outcomes than public 
patients. 
 
Evaluation of the individual components of the OKS questionnaire revealed that private 
patients had a higher mean score for each individual question. Questions one, two and 
nine however did not show a statistically significant difference. Questions one and two 
are both pain-related questions and question nine asks how often the patient feels their 
operated knee suddenly “give way” or let them down. As total knee replacement 
surgery is primarily indicated to treat pain, it is likely that pain levels will be relatively 
even between public and private patients. The lack of difference between the two 
groups for two critical pain questions supports this judgement. Postoperative function 
level has been shown to be related to preoperative function, where poorer preoperative 
function leads to poor postoperative functional outcome (6, 7, 41). Thus if private 
patients have better preoperative function, then it can be expected that they will achieve 
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better postoperative functional outcomes. While preoperative scores were not available 
for private patients, a previous study has shown that private patients undergoing total 
knee replacement have better preoperative scores than public patients (51). Thus a 
difference in preoperative function may explain some of the variance seen between the 
two groups. 
 
The effect of the time waited for surgery on postoperative outcome was also a key point 
of interest of our study. Time waited for surgery could not be obtained for private 
patients. A survey of consultants that perform knee replacement surgery in private gave 
an estimate of the average time waited of approximately 2-3 months. This is comparable 
to findings produced by Lingard et al. (53).  For public patients, the mean time waited 
for surgery was 274 days (SD=208, range 22-1098) or nine months. The time spent 
waiting for surgery was measured from the date of first specialist appointment to the 
date of surgery. Thus for patients put on active review, the time while on active review 
was also included. We believe this is a better representation of time waited as patients 
that are on active review are effectively waiting for surgery. All other studies evaluating 
the impact of waiting time for surgery for total knee replacement measured the time 
from the moment the patient was placed on the waiting list (6, 7, 42, 48, 49, 51). 
 
No significant linear correlation between the time waited for surgery and postoperative 
score was found (Pearson’s r=0.052, p=0.610). In addition to this, when patients were 
grouped according to whether surgery was performed within six months or not, there 
was also no significant difference between early and late groups. Those that had surgery 
within six months had a slightly better postoperative score of 37.11 points compared to 
the later group who had an average score of 36.21. However this difference was not 
significant (p=0.580). A number of studies have reported that surgery performed later in 
the natural course of the disease results in worse postoperative functional outcomes (6, 
7, 41, 43, 45). However given that access to surgery in New Zealand is based on priority 
and severity, patients with greater levels of deterioration would receive their surgery 
earlier. This may explain the lack of association between time waited for surgery and 
postoperative outcome. In light of this, it is difficult to ascertain whether or not the 
difference in time waited for surgery explains any of the difference in postoperative 
scores seen between public and private patients. A more likely inference that can be 
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made is that private patients may access total knee replacement surgery at an earlier 
stage of the disease process, when there has been less knee joint deterioration.  
 
Preoperative scores were only available for 44.0% of the public group (n=44). The 
mean preoperative score was 16.75, which is approximately three points lower than 
mean scores reported in the literature (41, 43). As discussed earlier, other authors have 
shown that private patients tend to have higher preoperative scores (51). When 
analysing the subgroup of patients with preoperative scores available, there was no 
significant linear correlation between preoperative scores and postoperative scores 
(Pearson’s r=0.102, p=0.511). Scores were also divided into quartiles. This identified 
the trend that patients in the lower two quartiles (preoperative score of <17), had the 
greatest improvement in score, but still had poorer scores overall when compared to 
those with better preoperative scores. This trend is reflected in the literature where those 
with poorer preoperative scores achieve greater gains in their score, but have poorer 
absolute results (43, 45). Given that private patients tend to have higher preoperative 
scores according to existing evidence, these results suggest that the difference between 
public and private patients may be largely attributed to the difference in preoperative 
function.  
 
Analysis of the six-month OKS clearly identifies a discrepancy between public and 
private patients, where private patients achieve clinically significant better outcomes. 
Given the limited data available, analysis of this difference was difficult. Age and 
gender were shown to not have an effect on the difference seen between groups in this 
study, despite previous papers reporting otherwise. In addition to this, the time spent 
waiting for surgery showed only a weak relationship with the postoperative score. The 
level of preoperative function appears to be a key factor that influenced the difference in 
outcomes. However in order to gain a better understanding, various other 
socioeconomic and demographic factors need to be considered as for example 
deprivation levels, which we know are associated with longer surgical delay and poorer 
postoperative outcomes (97, 98). Thus this difference in demographics could also be a 




Due to the retrospective nature of this study, several challenges were encountered. The 
key challenge faced was the limited availability of data. As participants were recruited 
retrospectively using the NZJR database, the only baseline data that could be collected 
for both groups was patient age and gender. This introduced a key limitation in the 
interpretation of results, as postoperative scores could not be compared to a baseline 
score to determine absolute and relative changes in score, except for a small group of 
public patients, nor could they be compared to other preoperative factors like time spent 
waiting for surgery for those patients who had their surgery in private.  
 
The time spent waiting for surgery could be obtained for the public cohort of patients 
only. The date of entry on the waiting list was not available; instead the time waited was 
measured from the first specialist appointment to the day of surgery. This was our 
preferred method for measuring time waited for surgery, however it differs from many 
of the previous studies. For private patients, waiting time for surgery could only be 
approximated based on estimations from surgeons that perform joint replacement 
surgery in the private sector. While blinding the surgeons to the aims of the study 
controlled for observer bias, there is still the potential for recall bias, and the small 
number of respondents may also be a source of random error. Thus the comparison of 
time spent waiting for surgery between public and private patients has to be considered 
of limited significance. However this is somewhat enhanced by the supporting evidence 
produced by Lingard et al. which showed similar times waited for privately funded joint 
replacement surgery (53). 
 
In addition to this, preoperative scores could only be obtained for a small proportion of 
the public cohort of patients. As a result, statistical power was unable to be obtained. It 
is likely that this introduced a source of random error. When attempting to use 
preoperative scores to explain any of the difference seen between public and private 
patients, interpretation was reliant on results produced in previously published papers. 
While all other variables were comparable (age, gender, postoperative score), these 
studies were performed in countries with similar, but different, public and private health 
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systems. It is plausible that these results may not be applicable to the population used in 
this study thus limiting the validity of our interpretations.  
 
The baseline characteristics that were available have been described and were shown to 
be similar between the two groups. In addition to this, the use of a regression analysis 
allowed for adjustment of any differences seen in these baseline values, thus controlling 
for known confounders. Other potential confounders however could not be controlled 
for. It is known that in New Zealand, people who have private health insurance tend to 
have higher income, education, and employment, and are less likely to be Maori or 
Pacific Islander (94). As mentioned earlier, higher levels of deprivation have been 
associated with longer time spent waiting for surgery, poorer improvement in Oxford 
Scores, and poorer overall Oxford Scores (97, 98). Thus it is clear that a number of 
known and unknown confounders have not been controlled for in this study. Again this 
limits the scope of the results produced. 
 
Finally, a further variable that was not considered during data collection was whether or 
not the primary operator in the public sector was a registrar or consultant. However, 
data collected by the NZJR does not show any evidence of difference in outcomes when 
a registrar is the primary operator, regardless of whether they are supervised by a 
consultant or not (12). 
 
8.1.5 Generalisability	and	Applicability	of	Elective	Results	
The population used for this study were individuals who had undergone a total hip or 
knee replacement at Dunedin Public- or Mercy Private Hospital between January 2009 
and December 2012. The sample that was recruited included all of those that had 
completed a six-month postoperative OHS or OKS based on data from the NZJR. Given 
the similar baseline demographics of this study group, the results of this study could be 
applied to all individuals receiving hip or knee replacement surgery in New Zealand. 
The results can be further generalised to other countries that have similar public and 
private health systems and that use OHS and OKS as tools for measuring patient-
derived joint function. It is important to note however that the results of this study are 
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only applicable to those having elective joint replacement surgery. Thus the results 




The results of this study confirm the hypothesis that private patients achieve higher 
postoperative outcomes in comparison to patients in the public system. These results 
support other previous studies that have been performed in this area. In addition, this is 
the first study, that the author is aware of, that shows that private patients undergoing 
total knee replacement surgery achieve better postoperative outcomes in comparison to 
public patients. However there remains a lack of research investigating the differences 
in surgical outcome for public and private patients undergoing joint replacement 
surgery. 
 
While these results provide an overview of the impact of having surgery in the public 
versus private sectors, the study had a number of limitations that could be addressed in 
the future in order to enhance the validity of our findings: 
 
• Improved preoperative data to gain a better understanding of any differences 
seen between public and private patients. Prospective recruitment would allow 
for baseline scores to be collected, along with a greater range of demographic 
and socioeconomic statistics. 
• It is well known that private patients wait significantly less time for surgery. It is 
important to consider when this waiting period begins. However prospective 
data on time from GP referral to surgery is required, particularly for those 
patients treated in private. This would allow a full analysis of the time waited for 
surgery and any differences between public and private sectors.  
• The use of other outcome tools including WOMAC and the SF-36 
questionnaires in addition to Oxford scores could broaden the results of our 
study particularly in relation to patient derived quality of life and overall health 
status. 
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• A larger volume of participants will aid in enhancing the power of the study and 






This is a unique study that is specific to the acute orthopaedic services provided at 
Dunedin Public Hospital. Thus comparison of our results will be made with previous 
studies that have investigated similar issues. 
 
Of the 472 patients that were recruited for this study, the mean age was 47.3 years 
(range 0-90) and included 53.8% males and 46.2% females. This differs slightly from 
the demographics of the Dunedin City population, where the median age is 36.7 years 
and 48.0% are male (99). The higher mean age seen in this study may partly be due to 
the fact that osteoporotic fractures have a high incidence in elderly patients.  
 
In total there were 507 surgical cases reviewed during the study period between July 
2013 and November 2013. Of these, 169 cases (33.3%) were performed within the 
allocated priority timeframe, and 338 (66.7%) were delayed. Review of patient records 
was performed in order to determine the reason for delay. 53 of the 338 cases (15.7%) 
were delayed due to medical reasons. This included reversal of anticoagulants, swelling, 
anaemia requiring blood transfusion, and chest infections. A major assumption during 
the data analysis was that if no other reason could be found in the patients’ notes, it was 
assumed that the surgery was delayed due to a logistical reason. Logistical causes for 
surgical delay have been described previously in the literature including lack of theatre 
time, equipment, surgeon and/or operating theatre team (56). Based on the assumption 
used in this study, 15.7% of delayed surgery was due to a medical reason, while the 
remaining 84.3% (n=285) was delayed due to a logistical reason. This is similar to 
previous findings where one study found that 33.1% of hip fracture patients were 
delayed due to a clinical reason while 60.7% were delayed due to lack of an operating 
room (57). Similarly, another study found that 86.9% of orthopaedic trauma surgeries 
that were delayed were due to unavailability of an operating theatre (58). While the 
specific reason for logistical surgical delay cannot be determined due to the 
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retrospective nature of this study, unavailability of operating theatre access is likely to 
be a key cause for delay. 
 
The majority of the cases reviewed were either given the priority grade P3 (6 hours) 
(32.7%) or P4 (24 hours) (63.3%). Given the nature of orthopaedic trauma, priority 
grade 2 cases (1 hour) are rare unless the injury is severe enough to put the patient’s life 
or limb at risk. Thus all but one of the P2 cases involved multiple injuries that required 
urgent surgical attention. Orthopaedic trauma can lead to significant swelling 
(particularly in the case of ankle or distal tibia fractures) and therefore surgery is often 
delayed waiting for the swelling to go down. Due to low numbers of cases, statistical 
power could not be obtained for P2 or P5 cases, however both of these groups did tend 
to have higher numbers of surgical cases being performed in time. The two larger 
priority groups did show a significant difference in success rates where only 28.6% of 
P3 procedures and 40.0% of P4 surgeries were performed in time as seen in figure 10. 
This clearly identifies that a key factor involved in surgical delay is the priority of the 
surgery, where P3 priority cases are the most likely to be delayed.  
 
The anatomical location of the procedure may also have an association with the 
likelihood of the procedure being delayed. When the cases were divided into upper 
limb, lower limb, and spine groups, we found that upper and lower limb procedures had 
similar rates of being performed in time (32.4% and 33.7% respectively) while spinal 
procedures had a success rate of 44.0%.  This identifies a trend that more spinal 
procedures are performed in time. This could be due to the greater urgency of spinal 
operations.  
 
When these rates were adjusted for cases that were delayed due to a clinical reason, the 
success rate of lower limb surgeries in particular rose to 39.8% thus indicating that 
clinical cause for delay is a major factor for lower limb procedures.  This is 
compounded by the fact that 41 out of the 53 cases that were delayed due to a clinical 
reason involved the lower limb. This association could be due to a number of factors. A 
high proportion of lower limb cases involved elderly patients with hip fractures; this is a 
population that has much higher rates of anticoagulant use and other comorbidities that 
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would delay surgery. In addition to this, ankle and lower leg fractures are associated 
with severe swelling in a lot of cases, which would explain the surgical delay. This has 
been pointed out in the literature: either ankle surgery is performed within six to twelve 
hours, or surgery has to be delayed until the swelling has settled which can take a 
number of days (56, 85, 100, 101).  
 
After adjustment for cases that were delayed for clinical reasons, hip, lower leg, and 
ankle operations all showed significant increases in the rates of being performed in 
time. Hip operations went from being 42.9% in time to 50.8%, thus indicating the 
importance of medical problems in leading to surgical delay in the older population that 
is prone to this injury. The use of warfarin is highlighted in one study, which found that 
patients on warfarin awaiting surgery for neck of femur fracture waited on average 2.58 
days longer than patients not on warfarin. Ankle fractures rose from 27.3% being 
performed in time to 33.3%, which again highlights the importance of swelling in 
contributing to surgical delay.  
 
These results highlight a second key factor associated with surgical delay. Various 
injuries and anatomic locations are associated with higher rates of surgical delay, thus 
skewing the results. 
 
While unavailability of theatre time and/or surgical team is well recognised in the 
literature, other logistical factors like time of day and day of week have not been given 
the same attention.  A systematic literature review performed by Bhagvan et al. found 
that hospitals in New Zealand and Australia are reluctant to disrupt elective operating 
lists and therefore put off emergency surgery until after hours. However a result of 
limited after hours resources means that surgery delay is inevitable (60). Lankester et al. 
also concluded that the availability of extra theatre time during evenings and weekends 
might reduce surgery delay (58). When looking at all cases that were delayed due to a 
logistical reason, operations that were booked in the morning had lower rates of being 
performed in time than those booked in the afternoon and evening. Cases booked prior 
to 6am had the lowest rates of being in time with only 30% being performed in time. 
However booking time has to be seen in the context of priority category. An example of 
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this would be a P3 case booked at 11pm. The six-hour timeframe means that surgery 
would need to be performed by 5am the following morning to be “in time”. Thus when 
each priority was considered separately, P3 cases showed a much stronger pattern with 
time of day, and the chance of being performed in time. Those cases booked between 
6pm and 6am had significantly lower in-time rates than those booked during the day. 
This is explained by the fact that after midnight only life and limb saving operations are 
performed. This highlights the need for greater theatre access during evenings. P4 cases 
showed much less of a relationship. Cases booked in the evening between 6pm and 
12am showed the highest in-time rates (47.5%) whereas the poorest in-time rates were 
between 6am and 12pm (32.4%). Due to the 24-hour timeframe of P4 cases, the time of 
day would have much less of an impact. Those booked during evening hours however 
would have the entirety of the following days’ working hours to be completed in time. 
This is likely to explain the higher success rate for this time period.  
 
Thus these results highlight a third factor that is associated with surgical delay in the 
form of presentation time. The priority grade will be a key factor in relation to this 
given the timeframes associated with the priority. P5 priority cases are therefore 
unlikely to be affected by the time of day given the fact that there is a three-day window 
where surgery can be performed in time.  
 
In addition to the time of day, the day of the week that cases are booked will also play a 
significant role in whether surgery is performed in time or not. Similarly to evenings, 
the capacity for surgery to be performed during the weekend will also be much lower 
due to the reduced availability of staff and theatre access. This is reflected in the results 
produced by our study where cases booked on a Saturday or Sunday were much less 
likely to be performed in time (14.9% and 23.5% respectively). Saturday showed the 
lowest rates of cases performed in time, as the majority of these cases would have been 
due on the same day or Sunday. Cases booked on Sunday had slightly better success 
rates as many of the operations would have been performed on Monday and still been in 
time. The reduced capacity for surgery to be performed on a weekend is reflected in the 
results showing which day of the week operations were actually performed. The greatest 
numbers of operations were performed on a Monday (21.6%, n=98). In contrast to this, 
only 10.6% (n=48) of the operations were performed on a Saturday and 8.4% (n=38) on 
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a Sunday. Thus it is clear that the day of week that cases are booked and are due to be 
performed by will have a significant impact on whether surgery is performed in time or 
not. Prior studies have suggested that dedicated orthopaedic lists during the weekends 
could reduce the amount of surgical delay (58).  
 
The consequences of surgical delay could not be determined due to the retrospective 
nature of the study. A review of literature shows that surgery delay due to logistical 
reasons has a much smaller effect on morbidity and mortality in comparison to clinical 
reasons for delay (57, 73, 74). Thus it is important to consider consequences of surgical 
delay beyond patient outcomes. One key factor to consider is the length of hospital stay. 
Again, due to the retrospective nature of the study, the effect of surgical delay on 
postoperative length of stay could not be accurately analysed. However the impact of 
surgical delay on preoperative length of stay could be easily measured. If a case was 
delayed and happened on a later day than it was due, this was recorded as an extra day 
spent in hospital related to surgical delay. If the operation was delayed but still 
performed on the same day it was due, then there was no extra length of stay. Of the 
338 cases that were delayed, there was an excess of 345 nights spent in hospital while 
waiting for surgery. When cases that were delayed due to clinical reasons were 
excluded, the remaining 285 cases had 243 extra nights in hospital. 19 patients were 
discharged and re-admitted at a later time when theatre time became available and this 
saved an extra 26 nights in hospital. Note that eight of these cases that were discharged 
and later re-admitted had their surgery booked on a weekend. 
 
The average cost of one inpatient day at Dunedin Hospital is approximately $600. Thus 
the 243 extra nights that patients stayed in hospital due to surgical delay would have 
come at a cost of approximately $145,800. This can be equated to approximately $510 
per patient that had their surgery delayed due to a logistical reason. These findings 
reflect similar results from previous studies (56, 64, 83). A study performed at the 
Wellington School of Medicine, found that surgical delay came at a cost of 
approximately $780 per patient whose acute plastic surgery was delayed (64). This cost 
included unnecessary bed days both pre- and postoperatively along with other costs like 
intravenous antibiotics. Other international studies have reported even greater costs. 
Verma et al. found that the cost associated with increased length of stay in elderly 
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patients with neck of femur fractures was $2800 (83) and a study of ankle fractures 
found that delay beyond 24 hours led to an extra cost of £990 per patient (56). Thus it is 
clear that if extra postoperative length of stay associated with surgical delay is also 
considered, the cost per patient in this study could also rise significantly. It is important 
to note that approximately $15,600 was saved by discharging non-urgent patients and 
re-admitting them at a later time when theatre time was more likely to be available.  
 
When looking at discharge volumes from Dunedin Hospital alone, during the period of 
April 1 2013 through to March 31 2014, a total of 1,761 patients were discharged from 
the acute orthopaedic surgical service. If the surgical delay rate of 62.8% that was 
produced by this study is used, and the extra cost of $510 per patient whose surgery is 
delayed is taken into consideration, the cost of surgical delay within Dunedin Hospital 
would have been approximately $564,000. Note that this is only accounting for extra 
pre-operative length of stay. If the effect of surgical delay on postoperative length of 
stay is also considered there this number could increase significantly. In addition to this, 
49 out of the 507 cases (9.7%) were performed on elective lists. This introduces a 
hidden cost where elective bookings may have been cancelled to make way for these 
acute surgical cases. 
 
According to Ministry of Health data, in the period of July 2013 to June 2014, all 
Southern DHB hospitals discharged 2,582 acute orthopaedic patients (54). Given the 
same delay rates and cost per patient, the approximate annual cost of delayed 
orthopaedic procedures performed in Southern DHB hospitals during this period would 
have been approximately $827,000. If this is extrapolated to the 9052 acute procedures 
performed across all surgical specialties, this cost would rise to approximately $2.9m. 
This highlights the potential monetary cost that surgical delay has on the healthcare 
system. 
 
A number of studies have been performed to investigate ways to reduce surgical delay 
and improve the cost effectiveness of orthopaedic trauma care. The implementation of 
an operating theatre dedicated to orthopaedic trauma cases has been shown to 
significantly reduce surgical delay and may also reduce postoperative morbidity and 
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mortality (75, 102). One study found that after a hospital implemented a dedicated 
theatre, this led to a reduction in the number of operations being performed after-hours, 
fewer disruptions of elective operation lists, and more timely care of fracture patients 
(102). As there was less surgery performed at night, there were cost savings due to 
reduced overtime, and there were also lower surgical complication rates. In addition to 
this, another study found that hospitals with a dedicated orthopaedic trauma operating 
room had approximately half the operative delay and postoperative morbidity, which 
also translated to an economic saving due to shorter length of stay in hospital (75). In 
both studies, it was found that a dedicated system allowed surgeons to operate during 
regular working hours meaning they were better rested and alert (75, 102).  
 
Other methods of reducing surgical delay have been investigated. The use of pneumatic 
foot pumps to reduce swelling and therefore reduce surgical delay in ankle fracture 
patients is but one. A study by Keehan et al. found that ankle fracture patients that had 
foot pumps applied in the Emergency Department had a 50% reduction in operative 
delay and had reduced length of stay in hospital, leading to considerable cost savings 
per patient (85).  
 
8.2.2 Limitations	of	Acute	Study	
Due to the retrospective nature of the study, several challenges during data collection 
were encountered. Participants were recruited retrospectively using the Dunedin Public 
Hospital surgical theatre management database. This provided a great amount of 
logistical information regarding the surgery including the time of booking, length of 
surgery, priority and other relevant information. Access to NHI number also allowed 
further data to be extracted from patient notes. However there was very limited 
availability of information relating to reasons for surgical delay. Often this was not 
stated explicitly in the patients notes but instead there were references to different 
factors like swelling, warfarin, blood transfusions, and INR. While this allowed for 
identification of clinical reasons for surgical delay in a number of cases, for the majority 
of cases (84.3%) no reason for surgical delay could be found. A major assumption was 
made at this point that these cases with no apparent clinical reason for surgical delay 
must have been delayed due to a logistical reason. This introduces a significant potential 
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for measurement bias and random error. A prospective study design would eliminate 
this limitation as reasons for surgical delay could be explicitly noted as the study 
progressed. Due to this assumption, it is likely that the author may have overestimated 
the amount of surgical delay caused by logistical factors. 
 
The study period of the retrospective study also introduces a noteable limitation. The 
study period ended in November 2013. However at the beginning of 2014, a second 
acute operating theatre was made available during the day. This has had an impact on 
the timeliness of acute surgeries and is reflected in the data of the prospective arm of the 
study. Thus the poor in-time rates of acute surgeries in this retrospective arm of the 
study are now less applicable, as the hospital system and ability to perform surgeries in 
a timely manner has changed. 
 
In addition to this, analysis of the impact of surgical delay on postoperative factors 
could not be performed.  Due to the wide range of procedures included in the study, no 
standardised measure could be used to compare outcomes between patients who had 
surgery in time to those who did not. If each specific injury or operation were 
investigated individually, this would allow better comparison, however the limited 
number of cases would not have produced the power needed to produce statistically 
significant results.  
 
The very small numbers of P2 and P5 cases also meant that statistically significant 
results for these groups could not be produced. Due to the nature of orthopaedic trauma, 
the majority of cases are given P3 or P4 priorities. Thus a much longer follow up period 
would be needed to gain enough numbers in the P2 and P5 groups to produce 
statistically significant results.  
 
8.2.3 Generalisability	and	Applicability	of	Acute	Results	
The population for this arm of the study included people who had undergone an acute 
orthopaedic procedure in Dunedin Public Hospital between July 2013 and November 
2013. The study primarily evaluated the extent of surgical delay for acute orthopaedic 
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procedures carried out at Dunedin Hospital, factors associated with this, and the 
economic impact of the delay. Given the wide range of ages and procedures included in 
this study, the analysis of factors associated with surgical delay would be widely 
applicable to most orthopaedic trauma centres throughout the country and 
internationally. It is highly likely that most hospitals will have similar challenges when 
it comes to delivering acute orthopaedic services.  
 
Logistical factors like acute theatre availability, and surgeon and other medical staff 
availability will apply to most surgical specialties. Thus the results from this study may 
be generalised to other surgical specialties other than orthopaedics. However 
orthopaedic trauma faces some unique clinical issues related to soft-tissue swelling 
caused by injury. 
 
8.2.4 Research	Recommendations	
Our study has clearly identified significant issues related to surgical delay for acute 
orthopaedic cases at Dunedin Hospital where close to two thirds of these cases are not 
being performed within the recommended timeframe. In addition to this, the results also 
identify a number of factors that can contribute to surgical delay, and the economic cost 
associated with this delay. 
 
While these results provide a good insight into the extent of surgical delay that is 
currently seen at Dunedin Hospital, and the approximate cost of this, the study had a 
number of limitations that could be targeted in the future in order to enhance the 
accuracy and applicability of results. In addition to this, a number of plausible solutions 
have been identified in the literature that could be investigated further in a New Zealand 
hospital setting.  The author has developed the following recommendations that could 
be considered in future studies in this area: 
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• More accurate analysis of the reasons for surgical delay is needed to understand 
where surgical delay can be reduced. A prospective observational study would 
allow for exact causes of surgical delay to be recorded. 
• In addition to causes for surgical delay, a prospective study would also allow for 
collection of a larger range of postoperative clinical outcome variables. This 
would allow for greater analysis of the impact of surgical delay on postoperative 
patient care. 
• Due to the nature of orthopaedic trauma, there is a wide range of procedures 
most of which are of low priority compared to life threatening injuries. A larger 
study population would allow for better analysis of individual procedures, and 
would also mean sufficient numbers could be recruited to analyse priority 
groups that are seen less commonly in orthopaedic trauma e.g. P1, P2 and P5 
cases. 
• The implementation of a dedicated orthopaedic trauma operating theatre has 
been shown in previous studies to reduce surgical delay, postoperative 
morbidity, and cost to the healthcare system. A prospective trial investigating 
the use of a system like this in Dunedin would allow for evaluation of the 
validity and benefit of this in the local setting. 
• The use of pneumatic foot pumps to reduce swelling following ankle fracture 
has been shown to reduce surgical delay, length of stay, and overall cost per 
patient. A study investigating the use of this tool in Dunedin could also be 






Very little research has been undertaken to investigate the patient’s perspective of 
waiting for acute surgery and what impact this has on the individual. As far as the 
author is aware, this is the first study that directly evaluates individual’s perspective and 
satisfaction regarding waiting for acute orthopaedic surgery. 
 
The study population that was used in this study included 47 patients on the Dunedin 
Hospital acute orthopaedic ward. The mean age of those included in the study was 48.7 
years (range 16-85) where 51.1% (n=24) were male. The mean age and gender 
distribution in this part of the study was similar to that seen in the acute orthopaedic 
surgical patients in the retrospective arm of the study, thus indicating that this cohort is 
likely to be representative of all patients undergoing acute procedures in Dunedin 
Hospital. In addition to age and gender, ethnicity data were also collected. From the 
study population, 83.0% identified as New Zealand European, 8.5% as Maori, 2.1% as 
Pacific Island, and 6.4% as other. This ethnicity distribution is similar to that seen in the 
total Dunedin population (99). The priority of each surgery was also recorded and found 
that 2.1% were P2, 10.6% P3, 72.3% P4 and 14.9% P5 priority. An interesting statistic 
that was noted was that 61.7% of the operations were performed in time. This differs 
significantly from the rates reported in the retrospective arm of this study. This marked 
difference in timeliness is due to the fact that a second acute operating theatre was made 
available during the day at the beginning of 2014 (after the retrospective study period 
ended). 
 
Analysis of the time spent waiting for surgery found that patients tended to overestimate 
the time by approximately five hours. The degree of over-estimation was not 
statistically significantly different between those that had surgery in time and those 
whose surgery was delayed. However when asked about the acceptability of the time 
spent waiting for surgery, 66.7% of those that said that the wait was unacceptable had 
their surgery delayed. In contrast to this, 65.9% of those that said the time spent waiting 
was acceptable had their surgery performed in time. This suggests that patients’ 
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acceptability of the time spent waiting for surgery is related to whether that operation 
was performed in time or not.  
 
In addition to this, the patient was also asked about how satisfied they were with the 
time spent waiting for surgery. Again those that were in time were much more likely to 
report being satisfied or very satisfied with only 3.4% reporting dissatisfaction. For 
patients that were delayed, only 50% reported being satisfied or very satisfied while 
27.8% reported dissatisfaction. In addition to this, every patient that had surgery 
delayed and reported dissatisfaction had their surgery a day or more later than it was 
due. Timeliness of surgical intervention also showed a relationship with the patients’ 
expectation of surgical waiting time. For those that had surgery performed in time, they 
were much less likely to report that the time waited was longer than expected (13.8%). 
Whereas of those that had surgery delayed, 44.4% reported that the time waited was 
longer than expected. This supports previous literature that has shown that length of 
time in hospital and time waited for fulfilment of medical needs both have an impact on 
patient satisfaction (86, 87).  
 
When asked about pain levels while waiting for surgery, 83.0% stated that their pain 
levels either stayed the same or got better while waiting for surgery. Changes in pain 
levels were not related with time spent waiting for surgery. Similarly, 91.5% of patients 
believed that the time spent waiting for surgery had no impact on their physical medical 
condition. Only one participant (2.1%) thought that it had a negative impact on their 
medical condition.   
 
Seventy percent stated that their mental state stayed the same or got better while waiting 
for surgery and 78% said that the time waited had no impact on their mental state. 
However unlike pain levels, changes in mood were associated with time spent waiting 
for surgery where increased time waited led to a worsening of mood (Spearman’s rho=-
0.326, p=0.025). For those whose surgery was delayed, none reported their mood 
getting better, and 50% reported their mood getting worse. Thus it is also apparent that 
along with the effects on satisfaction and expectations, timeliness of surgical 
intervention also appears to have an effect on the patients’ mood while waiting for 
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surgery. A relationship between expectations and mood was also observed where those 
that reported that their wait was shorter than expected tended to have an improvement in 
mood whereas those that stated the wait was longer than expected were more likely to 
have a decline in mood.  
 
Comments made by patients were also recorded and analysed. This revealed that the 
majority of patients experienced frustration while waiting for surgery. The nature of this 
frustration was typically related to the accident that had caused the injury and was not 
related to the fact that they had to wait for surgery. However greater frustration and a 
decline in mood were associated with being fasted for extended periods of time, 
especially if the operation did not happen that day and the patient was starved 
unnecessarily.  
 
Another aspect of patient perspective that was investigated was satisfaction with 
communication. This primarily involved the communication surrounding the timing of 
surgery and reason for delay. The majority of patients were satisfied or very satisfied 
with the communication they received from the medical staff. Only 10.6% reported 
dissatisfaction and all of these patients had their operation delayed. Greater satisfaction 
with communication was also associated with greater satisfaction with the time waited 
for surgery (Spearman’s rho=0.506, p<0.001). This suggests that if a patient is well 
informed about the timing of their surgery and any delays that might occur, they tend to 
have greater satisfaction with the time spent waiting for surgery. It is likely that the 
addition of the second acute operating theatre had an impact on patient satisfaction, as it 
dramatically improved the timeliness of surgical intervention. 
 
The final area that was investigated was how waiting for surgery potentially impacts 
patients’ lives outside of the hospital. 48.9% of participants stated that waiting for 
surgery had no impact on their day-to-day lives. Many stated that they would have 
taken time off work or school and missed various other events due to their injury, and 
this wouldn’t have changed if the length of time spent waiting for surgery was different. 
Despite this, 34.0% did report having to take additional time off work or school and 
10.6% also missed some other form of income or employment. Moreover, 29.8% 
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missed an appointment or meeting, 23.4% missed some “other” significant event, and 
17.0% had to arrange care for dependents. These results identify that along with impacts 
on various aspects of patient satisfaction, timeliness of surgical intervention can also 
have consequences in the postoperative period. 
 
8.3.2 Limitations	of	Patient	Perspective	Results	
This was the only prospective part of this study and so was relatively free of the 
limitations that are seen with retrospective data collection. This meant that ethnicity 
data could be collected and participants could be followed throughout the entirety of 
their admission. However a number of limitations were still encountered.  
The first major limitation that should be mentioned is the low level of statistical analysis 
performed on the data. Due to the low numbers included in this part of the study, 
statistical power could not be obtained. However the purpose of this was to gain a brief 
insight into patient’s perspective of pre-operative hospital stay and is not considered to 
be a major aspect of this thesis. 
A key problem was encountered during recruitment. Potential participants were 
identified using the Acute Surgical Theatre Whiteboard Booking System when they 
were booked for surgery. These potential participants were then approached 
approximately twenty-four hours after their operation had been completed in order to 
allow them to recover from the general anaesthetic and have their pain levels better 
controlled at the time of the interview. However many potential participants were 
missed as they were discharged relatively early, usually on the same day of their 
operation. Thus our method of recruitment may have introduced a potential source of 
systematic error. It is likely that the patients that were discharged on the same day as 
their operation would have had lower surgical priority, and a less severe injury. Thus 
the experiences of these patients would have likely been different to those included in 
the study. A key finding when analysing the participants included in the study was that 
61.7% of the cases were in time, a statistic significantly different from the findings in 
the retrospective arm of this study. If the patients that were discharged earlier had less 
urgent surgeries, it is plausible that their surgeries could have been delayed due to other 
more urgent surgeries getting priority. Thus the exclusion of these patients with early 
discharge may have skewed the results seen. However the key reason that explains this 
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difference is that a second acute operating theatre was made available between the two 
study periods, thus there were more resources available during the prospective study 
period. The lower number of patients included in this arm of the study also meant that 
meaningful statistical analysis could not be produced. 
 
A final limitation that was encountered was the short follow up period. Patients were 
only followed during their inpatient stay. A question that was included in the 
questionnaire asked how satisfied the patient was with the outcome of the operation. 
The majority of patients could not answer this question as they felt it was too soon after 
their operation to provide an accurate response. A longer follow up would have been 
better for this particular question. 
 
8.3.3 Generalisability	and	Applicability	of	Patient	Perspective	Results	
The study population used in this study was shown to be representative of the Dunedin 
City population and the population of patients that use acute orthopaedic surgical 
services in Dunedin. Thus the results from this study provide a key insight into the 
impact of surgical delay on the individual, which can be applied to all acute orthopaedic 
services in Dunedin. The small size of this study does limit the validity of the results, 
and the highly varied experiences described means that this may not be an entirely 
accurate representation of satisfaction. However some of the themes identified can still 
be applied to most acute orthopaedic services throughout secondary and tertiary 
healthcare settings.  
 
8.3.4 Research	Recommendations	
Our study provides an insight into the impact of surgical delay on the individual patient, 
their satisfaction, expectations, and effects on day-to-day living. While these results do 
identify a number of key patterns, the power of the study is limited by method of 




• Recruitment of early discharge patients is vital to gain an insight into this 
different group of patients with potentially different experiences. Close attention 
to surgical discharge plans will allow the inclusion of all patients before they are 
discharged. 
• A longer follow up period will allow for better analysis of patient satisfaction 
with surgical outcome. Most patients could not provide an accurate response 
when asked about this as it was too soon after their surgery. 
• Recruitment of a larger study population will allow for greater statistical power 




Patients undergoing total hip or knee replacement in the private health sector achieve 
better postoperative outcomes compared to patients in the public sector. Based on prior 
evidence and a survey of consultants, private patients tend to access surgery earlier in 
the disease process when there is less deterioration in joint function which is reflected in 
better Oxford scores, and also wait less time for surgery. In light of this, the results 
produced by this study show that private patients undergoing total knee joint 
replacement tend to achieve postoperative outcomes that are clinically significantly 
superior to patients in the public sector. The difference for hip joint replacements did 
not exceed the minimal clinical difference. Waiting longer than six months for surgery 
showed a non-significant trend towards more detrimental postoperative outcomes. 
 
In addition to these findings, it is clear that there is a significant surgical delay for acute 
orthopaedic trauma cases at Dunedin Hospital. The majority of this is due to logistical 
reasons, which comes at a cost of at least $510 per patient. Surgical delay is also related 
to the surgical priority of each case, the time of day and day of week a case presents and 
is booked, and the anatomical location of the operation. Prior evidence suggests that a 
dedicated orthopaedic trauma operating theatre may reduce surgical delay, which 
ultimately benefits the health care system, and the individual patient.  
 
Patient satisfaction with the time spent waiting for acute orthopaedic surgery in 
Dunedin Hospital is also related to surgical delay. The survey used identified key trends 
that influence patients’ satisfaction including the timeliness of their operation, and the 
communication that they receive from medical staff. Surgical delay also tended to be 
associated with worse mood while waiting for surgery. In addition to worse satisfaction 
and mood, surgical delay can also have further reaching consequences, where a number 
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Study title: Access to elective and acute orthopaedic surgery in 
Dunedin: an analysis of surgical delay. 
Principal 
investigator: 
Name: Professor Jean-Claude Theis 
Department: Orthopaedics 
Position: Professor, Orthopaedic Surgery 
Contact phone number: 
(03) 474 0999 ext. 8610 
 
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet 
carefully and, if you wish, talk with relatives or friends before deciding whether or not 
to participate.  
If you decide to participate we thank you.  If you decide not to take part there will be 
no disadvantage to you.   
What is the aim of this research project? 
Hundreds of patients come through Dunedin Public Hospital each year requiring an 
urgent surgical procedure to be done. For many patients, the time that they wait for 
this surgery may be delayed due to various reasons.  
This study aims to evaluate whether or not Dunedin Public Hospital has any issues 
surrounding wait times for acute orthopaedic surgery. We also wish to gain patients’ 
perspective on waiting for surgery to assess how wait times affect individuals. With 
this study we hope to identify any issues surrounding wait time for acute surgical 
intervention. In doing so, further research can then be done to open the door for 




Who are we seeking to participate in the project? 
We are looking for participants who have recently had an acute orthopaedic operation 
in Dunedin Public Hospital. Eligible participants must satisfy the following criteria: 
1. You must have had an acute orthopaedic operation 
2. You must be over the age of 16 
3. You must not have any other injuries/conditions that also required surgery 
4. You must be able to speak and understand English well 
 
If you participate, what will you be asked to do? 
We will be assessing your perspective of the time you waited for surgery and your 
time spent in hospital. This will involve completing a short 12-question survey that 
should only take 5-10 minutes of your time.  
What specimens, data or information will be 
collected, and how will they be used?  
Data obtained from this survey will be stored on a computer in a locked office in the 
department of orthopaedic surgery. Only the researchers involved in this study will 
have access to this data. After the study is completed all identifiable information will be 
deleted to ensure your confidentiality is maintained. 
What about anonymity and confidentiality? 
Your participation in this study is entirely confidential. Any data that is published from 
this study will have all personal and identifying information removed to ensure that 
anonymity is maintained. At the conclusion of the study you may have access to the 
results through any publications. 
If you agree to participate, can you withdraw later? 
You may withdraw from participation in the project at any time and without any 
disadvantage to yourself.  
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Name: Professor Jean-Claude Theis 
Position: Professor, Orthopaedic Surgery 
Department: Orthopaedics 
Contact phone number: 




Name: Dean Ramage 





This study has been approved by the University of Otago Human Ethics Committee (Health). 
If you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or 
email gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and 





Access to elective and acute 
orthopaedic surgery in Dunedin: an 
analysis of surgical delay. 
Principal Investigator: Professor Jean-Claude Theis 
jean-claude.theis@otago.ac.nz 
027 223 3879 
CONSENT FORM FOR PARTICIPANTS 




1. I have read the Information Sheet concerning this study and understand the 
aims of this research project. 
2. I have had sufficient time to talk with other people of my choice about 
participating in the study.   
3. I confirm that I meet the criteria for participation that are explained in the 
Information Sheet. 
4. All my questions about the project have been answered to my satisfaction, 
and I understand that I am free to request further information at any stage.  
5. I know that my participation in the project is entirely voluntary, and that I am 
free to withdraw from the project at any time without disadvantage. 
6. I know that as a participant my medical records will be available to 
researchers to find out information about my operation. I will be asked to 
complete a short questionnaire. 
 
7. I know that the questionnaire will explore my perspective of surgery waiting 
time and that if the line of questioning develops in such a way that I feel 
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hesitant or uncomfortable I may decline to answer any particular question(s), 
and /or may withdraw from the project without disadvantage of any kind. 
 
8. I know that when the project is completed all personal identifying 
information will be removed from the paper records and electronic files 
which represent the data from the project, and that these will be placed in 
secure storage and kept for at least ten years.  
9. I understand that the results of the project may be published and be available 
in the University of Otago Library, but I agree that any personal identifying 
information will remain confidential between myself and the researchers 
during the study, and will not appear in any spoken or written report of the  
10. I know that there is no remuneration offered for this study, and that no 
commercial use will be made of the data.  
 
Signature of participant:  Date: 
   
   
Signature and name of witness:  Date: 
   
   
	
	  
	 138	
11.5 Appendix	five:	Patient	perspective	questionnaire	
	
Impact	of	surgical	waiting	time	questionnaire	
	
1. Which	ethnic	group	do	you	belong	to?	
o New	Zealand	European	
o Maori	
o Samoan	
o Cook	Island	Maori	
o Tongan	
o Niuean	
o Chinese	
o Indian	
o Other:	___________________	
	
2. How	long	did	you	wait	for	your	surgery?	(i.e.	from	the	time	when	the	decision	
to	have	surgery	was	made	until	the	actual	time	of	surgery)	
	
	
3. Do	you	think	the	time	you	waited	for	surgery	was	acceptable?	
1. Yes	
2. No	
3. Do	not	know	
	
4. How	do	you	feel	about	the	time	it	took	from	the	decision	to	have	surgery,	to	
having	your	surgery	performed?	
1. Longer	than	expected	
2. As	expected	
3. Quicker	than	expected	
	
5. How	satisfied	were	you	with	this	surgical	wait	time?	
1. Very	dissatisfied	
2. Dissatisfied	
3. Neither	satisfied	nor	dissatisfied	
4. Satisfied	
5. Very	satisfied	
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6. Whilst	waiting	for	surgery	do	you	think	your	level	of	pain	or	discomfort:	
1. Increased	a	lot	
2. Increased	
3. Stayed	the	same	
4. Decreased	
5. Decreased	a	lot	
	
	
7. Whilst	waiting	for	surgery	did	your	overall	happiness	of	mood:	
1. Become	a	lot	worse	
2. Become	worse	
3. Stay	the	same	
4. Improve	
5. Improve	a	lot	
	
8. How	satisfied	are	you	with	the	outcome	of	your	surgery?	
1. Very	dissatisfied	
2. Dissatisfied	
3. Neither	satisfied	nor	dissatisfied	
4. Satisfied	
5. Very	satisfied	
	
	
9. Do	you	think	your	wait	for	surgery	had	a	negative	impact	on	your	medical	
condition?	
1. Very	negative	impact	
2. Negative	impact	
3. No	impact	
4. Positive	impact	
5. Very	positive	impact	
	
10. Do	you	think	your	wait	for	surgery	had	a	negative	impact	on	your	mental	well	
being?	
1. Very	negative	impact	
2. Negative	impact	
3. No	impact	
4. Positive	impact	
5. Very	positive	impact	
	
11. If	your	surgery	was	delayed,	how	satisfied	were	you	with	the	communication	
you	received	regarding	the	reasons	for	surgical	delay?	
1. Very	dissatisfied	
2. Dissatisfied	
3. Neither	satisfied	nor	dissatisfied	
4. Satisfied	
5. Very	satisfied	
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12. Did	waiting	for	surgery	result	in	any	of	the	following	implications?	Please	tick	all	
that	apply	
¨ Had	to	take	time	off	work/school	
¨ Had	to	arrange	childcare	
¨ Had	to	change	appointments/meetings	
¨ Had	to	make	arrangements	for	people	who	rely	on	you	for	care	
¨ Missed	out	on	income	or	employment	opportunity	
¨ Missed	an	important	school/work/sport/social/family	event	(please	
circle	any	that	apply)	
¨ Other	(please	specify):																																																																																				.	
	
	
13. If	your	waiting	time	for	surgery	was	shorter,	do	you	think	any	of	the	things	you	
ticked	in	question	11	would	have	been	avoided?	Please	tick	all	that	apply	
¨ Had	to	take	time	off	work/school	
¨ Had	to	arrange	childcare	
¨ Had	to	change	appointments/meetings	
¨ Had	to	make	arrangements	for	people	who	rely	on	you	for	care	
¨ Missed	out	on	income	or	employment	opportunity	
¨ Missed	an	important	school/work/sport/social/family	event	(please	
circle	any	that	apply)	
¨ Other	(please	specify):																																																																																				.	
	
	
	
Thank	you	for	your	time.	
	
	
 
 
 
